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EX 
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HE Dann of the ſub- 
ject of magnetiſm, princi- 
Pally in navigation, and the obſcu- 
rity of the cauſe which produces 
its wonderful phenomena, has, from 
ages, excited the attention of very 
able philoſophers and mathemati- 
cians, who, with diligent aſſiduity, 
and profound confideration, have 
examined the properties of the 
magnet, and have framed hypo- 
A2 theſes 
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theſes for their explanation. Seve- 
ral of thoſe labours, though not 
crowned with diſcoveries, are ne- 
vertheleſs exceedingly ingenious, 


and deſerve ſome attention. 


To arrange thoſe obſervations in 

a proper order, to deſcribe the va- 
rious hypotheſes, and the manner 
in which the phenomena of mag- 
netiſm have been attempted to 
be mathematically deducible from 
them, was the author's original 
intention; but when the work was 
nearly accompliſhed, its great bulk, 
and the intricacy of the mathema- 
tical part, incompatible with the 
genius of the generality of readers, 
and even with the patience of ma- 
thematicians; conſidering that thoſe = 
calculations were ſeldom productive 
of remarkable conſequences ; the 


original 
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original plan of the work was re- 
linquiſhed, and much labour was 
beſtowed in diveſting it of the ab- 
ſtruſe part, and contracting it into 
the form in which it is now "mn 
public, - 

The object then of th Collowing 
Treatiſe is to exhibit a comprehen< 
five view of the preſent ſtate of 
knowledge relative to ' magnetiſm ; 
the author having diſpoſed the va- 
rious particulars in that order which 
ſeemed . moſt likely to lead the 
reader from the ſimpleſt to the 
moſt intricate and depending part 
of the ſubject, by the eg and 
WOE: ways. | 
The firſt Part treats of the _ 
of magnetiſm, - viz. of thoſe pro- 
perties, and their limits, which have 
been aſcertained by a great num- 
4529 EE 
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ber of experiments and obſerva- 
tions, and which are independent 
on any hypotheſis. 

In order to diſtinguiſh the know- 
n of certain facts from the ſup- 
poſition of their cauſes, and the 

improbability of moſt of thoſe ſup- _ 
poſitions, the ſecond, and by far 
the ſhorteſt, Part of the book, has 
been allotted to the ee of 
magnetiſmm. 

The third Part treats of the prac- 
tice of the ſubject, vis. it contains 
a ſeries of ſuch experiments as are 
neceſſary, and ſufficient to demon- 
ſtrate the certainty of the laws 
mentioned in the firſt Part, and to 
employ them for the various pur- 
poſes to which they are ſubſer- 
vient. 

The fourth, and laſt Part, con- 

tains 
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tains the various experiments made 
by the author himſelf, ay to 
magnetiſm. 

There will be alſo found inter- 
ſperſed throughout the work, va- 
rious remarks and hints, uſeful to 
thoſe who may be willing to pro- 
mote the farther inveſtigation of 
the ſubject; but, on the other hand, 
the author has thought proper to 
omit ſeveral trifling particulars, 
which might be eaſily ſuggeſted by 
the ingenuity of the reader, and 
divers experiments, which ſeemed 
to be only variations of thoſe in- 
ſerted in the book. 

Laſtly. To render the work 
more perſpicuous and uſeful, two 
copper: plates and a copious index 8 
have been added to it. 


But the SureLEMENT which has 
A 4 *; +1 Bee 
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been added to this Edition, and 
which, to accommodate thoſe who 
poſſeſs the firſt edition, will be ſold. 


by itſelf, contains four more plates. 


The firſt of them is a delineation of 


Dr. Loxlunz's Dipping Needle, de- 
ſcribed in Chap, I. Part III. of the 
Treatiſe, The ſecond exhibits a 
view of the author's new Variation 
Compaſs deſcribed in the Supple- 
ment: And the other two plates are 
illuſtrations of Dr. Loxiuxk's Caſes 
of the Poſitions of the Magnetic 
Poles, which are contained in Chap. J. 

Part II. of the Treatiſe. 
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LAWS OF MAGNETISM. 


CHAPTER L 


Containing à general idea of Magnetiſm, and 
the explanation of the technical words. 


SOLID mineral body, which has 

the property of attracting iron, or 
ferruginous ſubſtances, beſides other pro- 
perties peculiar to itſelf, has been called 
a natural magnet, or load-ſtone*, And, as 
5 


* The word magnet, by ſome ancient writers, is 
derived from the name of a ſhepherd, by whom they 
ſuppoſe the magnet to have been firſt diſcovered on 

mount Ida. It has been more commonly called /apis 
Atracleus by Pythagoras, Ariſtotle, Euripides, and 


B others, 
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the ſame properties may be communicated 


x ſtances ; thoſe bodies, after having ac- 
| , quired the magnetical properties, are called 


artificial magnets. © ' © © 


A magnet, whether natural or artificial, 
is always poſſeſſed of the following cha- 
raQteriſtic properties, which are inſeparable 
from its nature; ſo that a body cannot be 
called a magnet unleſs it be poſſeſſed of 
all thoſe properties at the ſame time: nei- 
ther is there any inſtance of a magnet's 
being produced, which had only one or a 
few of thoſe properties, without ſhewing 
any of the reſt. | 
1. A magnet attracts iron and other 
3 ſubſtances. 

2. When a magnet is placed ſo as to 
be at liberty to move itſelf eafily, as, if it 
be ſuſpended by a thread, &c. it turns 
one, and conſtantly the ſame part of its 


others, from Heraclea, a city of Magneſia, a part of 
ancient Lydia, where it is ſuppoſed to have been firſt 
found. Tt has likewiſe been called /apis nauticus, from 
its uſe in navigation; and fiderites, from its property of 
mm och iron, which metal is called 9{3:ge- in Greek. 
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Laws or MAGNETISM 3 
ſurface towards the north pole of the earth, 
or towards a point not much diſtant from 
it; and of courſe it turns the oppoſite 
part of its ſurface towards the ſouth pole 
of the earth, or towards a point not much 
diſtant from it. Theſe parts on the fur- 
face of a magnet are therefore called its 
poles, the former being denominated its 
North pole, and the latter its South pole. 
The property itſelf is called the magnet's 
directive power, or magnetic polarity ; and 
when a magnetic body places itfelf in that 
direction, it is faid to traverſe, A plane 
perpendicular to the horizon, and paſting 
through the poles of a magnet when 
ſtanding in their natural direction, is 
called the magnetic meridian :\and the an- 
gle made by the magnetic meridian and 
the plane of the meridian of the place 
where the magnet ftands, is called be 
declination of the magnet, or more com- 
monly the declination of the magnetic needle ; 
becauſe the artificial magnets, moſtly uſed 
for obſerving this property, are generally 
made flender, and ſomewhat in the ſhape | 
of a needle; or becauſe real ſewing needles 

B 2 themſelves 
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themſelves have been often - uſed for this 
purpoſe. 
3. When two magnets are placed ſo 
that the north pole of one is oppoſite to 
the ſouth pole of the other, then they at- 
tract each other; but if the ſouth pole 
of one magnet be placed oppoſite the north 
pole of the other magnet, then they repel 
each other. In ſhort, magnetic poles of 
the ſame name repel one another, whereas 
thoſe of a different name attract each other. 
4. When a magnet is placed ſo as to be 
at liberty to move itſelf very eaſily, it ge- 
nerally inclines one of its poles towards 
the horizon, and of courſe it elevates the 
other pole aboye it. This property is 
called the inclination or dipping of the 
magnet, or more commonly, of the magne- 
tic needle, for the reaſon above-mentioned. 
' 5. Laſtly; Any magnet may, by proper 
methods, be made to impart thoſe pro- 
perties to iron, ſteel, or, in ſhort, to moſt 
ferruginous ſubſtances. - 

The experience and induſtry of man- 
kind have gradually diſcovered, examined, 
aſcertained, and employed for various uſe- 

| e 
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Laws or MaconeTiom. 5 
ful purpoſes, thoſe magnetical properties ; 
and it is the object of this work to deſcribe, 
in a conciſe and perſpicuous manner, the 
laws, which have been aſcertained by thoſe 
innumerable obſervations, and the uſes to 
which they have been rendered ſub ſervient. 
| Thoſe laws and their uſes are methodically 
laid down in the following pages, there 
being allotted to each chapter thoſe parti- 
culars, which were moſt connected with 
each other: but, as the whole action of 
magnetiſm ſeems to be confined ſolely or 
principally to iron, and to thoſe bodies 
which contain that metal in ſome ſtate or 
other, it will be neceſſary to premiſe the 
natural hiſtory and chymical properties of 
that ſubſtance, at leaſt ſuch as may be 
deemed neceſſary for the comprehenſion 
of the ſubjet, or likely to open the 
way to farther diſcoveries. | 
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CHAPTER u. 
7 Be natural hiſtory and principal properties 
of Iron ; and of the natural nt ar 

 Loagftone. | 


RON 1 of all the metals, the moſt 
1 ſubſervient to human life; and, at the 
ſame time, it is very remarkable, that its 
nature is far from being perſectly un- 
derſtood, or ſufficiently inveſtigated. It 
is reckoned amongſt the imperfect me- 
tals, on account of its being ſubject 
to ruſt or calcination; and its ſpecific 
gravity, though ſubject to a little varie- 
ty, yet is ſeldom, if ever, leſs than 7,6, or 
exceeds 8 times the weight of diſtilled 
Water. 
Iron is found almoſt in any place, _ 
is extracted from the bowels of the earth, 
it being therein found either by itſelf in 
a metallic ſtate, which is called ative iron, 
or mixed with various other ſubſtances ; 
which compounds, when the iron or mar- 
tial part contained in them is in a conſi- 
deͤerable proportion, are called iron ores. 
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The iron ores deſcribed by the lateſt 
mineralogiſts, and their Rag . names, 
are the following: 

1. The ſteel ore, which confiſts of a 
brown calx of iron mixed with iron in 
its metallic ſtate. | 

2. The magnet. ht 

3: A mixture of the brown calx of iron 
and plumbago. 

4. The white or ſparry iron ore; ates 
the brown calx of iron united to the-white 
calx of manganeſe. 98 

5. The magnetic ſand. © | 

6. Hæmatites; conſiſting of the ted calx 
of iron indurated, and combined with a 
little argill, and \ frequanly with man- 
n | 

7. Hematitical yellow, * A brown 
ochre ; ; conſiſting of hæmatites in a looſe 
form, mixed with a conſiderable * 
of argill. | 

8. A combination of the red calx of 
iron with plumbago. | 
9. Torſten; being a mixture of che red 
calx mixed with a ſmall proportion of the 
brown and indurated calx of iron. 
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Ii, The grey iron ore; conſiſting of the 
red calx united to ſiderite. 

12. The argillaceous iron ores; the two 
ſpecies of which are, the highland argilla- 
ceous ore, minera ferri ochreacea ; and the 
ſwampy argillaceous ore, minera ferri la- 
euſtris vel ſubaquoſa. © PDT 

13. The red calcareous iron ore. 

14. The filiceous iron ore. 

15. The muriatic iron ore, 

16. The martial calamine. 

17. Martial pyrites, which conſiſt of 
iron mineralized by ſulphur, 

18. The white, grey, or blueiſb-grey 
pyrites, Marcaſite; being iron minera- 
lized by ſulphur and arſenic _ 

19. Miſpickel; conſiſting of iron mine- 
ralized by arſenic alone, 

20. Combuſtible iron ore. | 

21. Green vitriol, being iron minera» 
lized by vitriolic acid. 

22. Iron mineralized by the 5-4 OY 
acid; the two ſpecies of which are, the fde- 
rite, and the native Pruſſian blue ; the lat» 
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ter of which conſiſts. of iron, hh 
acid, and argillaceous earth “. + 

In extracting the metal from the various 


iron ores, two objects muſt be conſidered, . 


w12, the ſtate of the iron, which is in a more 


or leſs metallic ſtate, and the extraneous 
ſubſtances which are mixed with it. On 


thoſe accounts, it is almoſt impoſſible to 
_ preſcribe the moſt advantageous method 
of extracting the iron from a certain ore, 
without making particular experiments 
upon it. However, the principal agents 
in this operation are, a ſtrong heat, and the 
admixture of ſubſtances capable of furniſh. 
ing the inflammable principle. 

The iron, after being extracted from the 
ore, and being reduced into the metallic 


form, is not always of the ſame nature; and 
its various ſpecies, the principal of which 


we ſhall now enumerate, are poſſeſſed of 
peculiar and very remarkable properties. 


Caſt iron, viz. iron after having been 
fuſed by the action of a ſtrong heat, is very 


See 8 s mineralogy, Kirwan's minera- 
ogy, and my ee tables. 
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hard and brittle, ſo that it cannot be form- 
ed into any required ſhape by IO 
nor even by fling. 

. The malleable iron is formed Gobi the 
caſt iron, by expoſing it to a ſtrong blaſt 
of air for ſome hours, whilſt it ſtands in a 
red or rather white heat. It is remarkable, 
that in this proceſs a quantity of liquid 
matter comes out of the iron, which when 
cold is in the form of black cinders, called 
finery cinders, from the name of the fur- 
nace employed for the proceſs *. 

The malleable iron is of two ſorts, viz. 
that called red ſbort iron, which has the 
property of being malleable when cold, 
but brittle when hot; and that called cold 
ſhort iron, which is malleable when red 
hot, but brittle when cold. 

_ Steel is formed from iron, by expoſing 
the iron to a ſtrong heat for ſeveral hours, 
whilſt it is ſurrounded by ſubſtances that 
contain a great deal of the inflammable 
principle, as charcoal, oleaginous ſubſtan- 
ces, &c.: hence it is generally believed, 


See Prieſtley's experiments relating to various 
branches of nat, phil. vol. iii. ſect. xxiv. 
es that 
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that the iron becomes ſteel only in conſe- 
quence of its acquiring a greater quantity 
of the inflammable principle, called pbla- 
giſton by the chymiſts but there is ſome 
ſort of malleable iron which will never be- 
come ſteel; and I am informed by a very 
ingenious chymiſt, that this effect is owing 
to the want of the ſemi-metal called man- 
ganeſe ; this gentleman having found, that 
the iron, which is wont to be capable of 
becoming ſteel, contains ſome portion of 
manganeſe; whereas, that ſort of iron 
which is incapable of becoming ſteel is 
quite free from any admixture of that io 
mi=metal, | 

By. the tranſition from iron into ſteel, 
the weight of the metal is not -at all, or 
very little, increaſed ; but it acquires ſeve- 
ral remarkable properties. Steel is gene- 
rally harder than malleable iron; it may 
be hammered when cold, but incomparably 
better when red hot; it may be fuſed ; and 
it is capable of acquiring various degrees 
of hardneſs. Hammering will harden it 
to a certain degree; but if it be made red 
hot, and in that ſtate be plunged into cold 


water, 
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water, or other cold liquor, ſo as to cool 
it ſuddenly, it becomes exceedingly hard 
and brittle, ſo that it can neither be ham- 
mered nor filed; and, the greater the diffe- 
rence between its degree of heat and that 
of the liquor, ,in which it is plunged, 
the greater is the degree of hardneſs it 
_ acquires. The ſteel, after having been 
thus hardened, may be ſoftened 'to any 
required degree, by expoſing it to a proper 
heat, which operation is called tempering. 
The ſoftening by this means is accompa- 
nied by a gradual change of colour; which 
colour, however, is merely ſuperficial, but 
remains as long as the ſteel is not rubbed 
with ſomething capable of ſcraping off 
part of the metal. Thus, if the hardened 
piece of ſteel be laid upon a red-hot iron, 
or be heated in any other manner, it will 
firſt acquire a reddiſh, then a yellowiſh 
or ſtraw colour, which will gradually 
deepen, and change into blueiſh, deep blue, 
and laſtly, the ſteel becomes red hot. Now, 
if the piece of ſteel be removed from the MF _ 
heat juſt when it has acquired the ſtraw- | 


colour, it is then ſoftened a little, and juſt | 
ſufficiently 


: 
i 
#70: 
= 
11 
1 , 
1 £ 
. 
34 
+» 
TY) 
bo: 
4} 
+ 
* 
4 4 
* 17 
i 
& 
*FL 
IH 
1 * 
41 
2 
1 
U 8 
"FM 
4 
ITY 
\ 17 
_ 
* 438% 
iy | 
> 
* 
- „ 
2 1 
7 
73 1 
1 
IP 
" p 
1 
4+ 
+ 
3 
4 $41; 
+ Tis 
14 4 
3 
ft 
$3.7 
1 
( 10 
4 * 
i 34 
= 
{+ 
19 * 
1 
$ 114 
L b 
7 
13 
[ * 
i 5 
1 
* 
9% # 
C T5 
1 75 
N 
ts © 
: 1 
kf 
F 
4 n : 
3s 
0 — 
$16 
\ * 
7% : 
. 
5 
13 
— 9 {1 
* 1 
13 
1 
| 1 44 
if 
* N 
t 1 
4 
l ) 
; 7% 
4 43; : 
[: CY 
G 
' 1 
1 | 
N Ll 
5 , 
1 „ 
1 
o 


_— — — — 
2 — * 2 2 
— a — — 
— — — —— 
- _—_— — IR — 2 
— a — 


- 
" — — 
— — 
— 2 2 


Laws or MAGNETISM. 13 
ſufficiently to ſerve for points of drills, 
and ſome other tools; hence this degree 
of ſoftening is called drill temper. If the 
piece of ſteel be removed from the heat as 
ſoon as it becomes blue, it will be found 
to be ſoftened ſufficiently to ſerve for 
ſprings ; hence that degree of ſoftening is 


called ſpring temper. If the ſteel be ſuf- 


fered to become red hot before it be re- 
moved, it will be found to have loſt all 
the hardneſs which it had acquired i in the 
firſt proceſs. 
By repeated hardening) and foeving, 
a piece of ſteel becomes leſs and leſs fit 
for nice work : but even in ſteel newly 
formed, there occurs a conſiderable varie- 
ty; and that ſort is reckoned the | beſt, 
which in its fractures exhibits a ſmall, 
uniform, and ſilvery granulated appear- 
ance. | 
All the above-eneidicith ſpecks or 
ſtates of iron are capable of calcination, 
viz, of being reduced to ruſt, and of 
_ courſe, to various intermediate ſtates be- 
tween that of good metal, and that of 
red calx. This change, according to the 


more- 
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more general opinion, is occaſioned by the 
eſcape of the inflammable principle ; and 
in fact, if the calx of iron be expoſed to 
a ſtrong heat whilſt it is ſurrounded by 
charcoal-duſt, or other ſubſtance abound- 
ing with phlogiſton, the calx will becomes 
iron again. 

In the following — for the ſake of * 
ne we ſhall comprehend all the 
above-mentioned ſtates or ſpecies of 
iron under the general appellation of 
ferruginous ſubſtances; adding the word 
metallic to thoſe which are in a metallic 
ſtate, and the word calcined to thoſe ware 
are in a calcined ſtate. Þ 

A remarkable phænomenon happens in 
ey calcination of this as well as of other 
metals, which is, that the metal acquires 

weight. by being calcined, and the calx 
loſes weight by being reduced again- into 
metal. Thus it has been obſerved, that 

100 grains of the brown calx of iron will 

produce about 85 grains of iron; and 100 
grains of the red calx will produce about 
75 grains of iron: and, on the contrary, 
the 9 quantities of iron will 
produce 
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produce 100 grains of the brown or red 
calx reſpectivel | 

This increaſe of weight has "ar AY 
tained to be owing to a certain permanent= 
ly elaſtic fluid or ſort of air, which com- 
bines with the calx in a greater or ſmaller 
proportion, according as the calcination js 

more or leſs perfect ; and the diminution of 
weight obſerved in the reduction of the 
calx into metal, to be owing to the eſcape 
of that ſame elaſtic fluid from the calx. 
Upon theſe grounds, ſome ingenious per- 
ſons have imagined, that the calcination of a 
metal, or the reduction of the calx into metal 
again, had nothing to do with the inflam- 
mable principle or phlogiſton of the chy- 
miſts ; but that it was all to be explained 
by the loſs or acquiſition of the ſaid perma- 
nently- elaſtic fluid. Various arguments 
and experiments ſeem to favour each opi- 
nion; but the nature and limits of the 
preſent work not permitting me to expati- 
ate on this ſubject, I muſt refer thoſe 
readers, who are deſirous of examining it 
farther, to other books, where they may be 
informed not only of the above-mentioned 
ſubject, 


10 
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ſubject, but likewiſe of the particulars 
concerning the elaſtic fluids which may be 
obtained from the ſolution of iron, and 
of other e e relating to this moſt 
uſeful metal &. | 
The metallic ferruginous ſubſtances are 
ſoluble in all acids, though not with equal 
facility; and if any vegetable aſtringent 
be added, the ſolution will become black; 
but if phlogiſticated alkali be added, inſtead 
of the vegetable aſtringent, then the ſolu- 
tion will become blue. 


The natural magnet, mentioned at * 


beginning of this chapter, is an ore of 
. iron; and it contains a greater quantity of 
iron, either in the metallic ſtate or not much 
dephlogiſticated, than moſt other iron ores. 
However, though every magnet ſeems to 
contain ſome iron in a metallic ſtate, yet it 
does not follow that every ore, which con- 
tains the iron in that Rate, is magnetic; 
there having been found many iron ores, 

* Hift, de Acad, fince the year 1778.—Prieſtley's 
Experiments and Obſervations relating to the diffe- 
rent ſorts of Air, &c,—Rozier's Journal de Phiſ. for 


September 1986—and my Treatiſe on Air and Perma- 
nently Elaſtic Fluids. 
which 
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which had all the appearance of good mag- 
nets, but were not poſſeſſed of the mag- 
netic properties *. 

Beſides the iron RT". the natural 
magnets often contain a portion of quartz 
and argill, and probably ſome ſulphur, 
becauſe when made red hot they generally 
have a ſulphureous ſmell; beſides which, 
many other ſubſtances may be found in 
them, though not ſo Soy as thoſe 
mentioned above. 

Magnets differ in ſpecific gravity ace 
cording to the proportion and nature of the 
other ingredients that are mixed with the 
iron or martial part, but generally they are 
about ſeven times heavier n diſtilled 
water. 

Their colour is moſtly a dull boom 
i black; ene as may be imagined, 


Some old writers on magnetiſm make mention of 
certain load-ſtones ſo light as even to ſwim upon 
water. But as iron is ſo univerſally ſpread through- 
out. the works of nature, it is not improbable that 
ſome light, ſpungy, vulcanic productions may contain 
2 quantity of iron particles with ſome veſtiges of mag- 
netiſm, ſufficient to give the name of 3 to the 
whole maſs, 


S a con- 
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a conſiderable difference is often occaſioned 
by the admixture of heterogeneous ſub- 
ſtances, and by the ſtate of the iron contain» 
ed in them. The magnets which are found 
in Arabia are reddiſh, thoſe of Macedonia 
are blackiſh, and thoſe found in Hungary, 
Germany; Britain, and Italy, have moſtly 
the colour of unwrought iron. 

The hardneſs of magnets is ſuch as juſt 
to afford ſparks when ſtruck with ſteel; but 
it is extremely difficult to turn them in a 
lathe or to ſhape them by a file. 4 

It has been obſerved, that generally thoſe 
magnets, which have a fine cloſe grain, are 
more powerfully magnetic, and retain the 
virtue much longer, than thoſe which are 
of a coarſer grain; and even longer than 


the artificial magnets which are made of 


They are found in many parts of the 
world, and almoſt wherever there is a good 
iron mine. In Europe they are met with 
pretty frequently, in the mines of Germany, 
inthe Apennines, in France, in the iſlands of 
the Mediterranean Sea, in Britain, in Ire- 


land, 
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land, and in various other places. Aſia does 
likewiſe abound with magnets ; neither are 
the other parts of the world without them, 
though not very copiouſly; or perhaps for 
want of ſufficient examination ſo great a 
quantity of magnets has not been found in 
them as in Europe and Aſia.— They are 
not found of br, PREY _—_ or 
ſize. 


Cc HAPTE R III. | 
Ws Magnetic attraction and palin. 


HE various forts of atrablica 
hitherto diſcovered may be reduced 
to fives: viz. 1ſt, The attraction of gra- 
vitation, or that power, by which. bodies 
fall towards the centre of the earth, and 
by which the immenſe bodies of our pla- 
netary ſyſtem are retained within their 
proper orbits.” 2. The attraction of co- 
hefion, which takes place when the parts 
of bodies are put in cloſe contact, as when 
two: tina and like ſurfaces of metal, 
5 C 2 ___ glaſs, 
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7 certain diſtance of one of the poles of a 
magnet, is attracted by it, ſo as to adhere 


glaſs, marble, or other ſubſtance,are preſſed 
one upon the other. 3. The chymical 
attraction, or affinity, which occaſions an 
intimate mixture, and alteration of two 


or more ſubſtances of different natures. | 
It requires the immediate contact of the | 
parts of the bodies, in order to take place. 
Such is the attraction between acids and 
alkalies, between acids and metals, &c. 

4. The attraction of electricity, poſſeſſed t 
by all forts of bodies when electrified ; c 
which acts on ſubſtances of every kind, 1 
and extends its ſphere of action to a con- j 
fiderable diſtance. 5. Laſtly; The attrac- n 
tion of magnetiſm, which acts only upon t 
iron, or upon thoſe bodies which contain ti 


that metal in ſome ſtate or other; hence, 01 
beſides other obvious peculiarities, this 
fort of attraction way * be eaſily diſtin- 
guiſhed from the reſt. 57 

A piece of iron, or ſteel, or OF fer- 
ruginous ſubſtance, being brought within 


to the magnet, and not ſuffer to be ſepa- 
rated without an evident effort; This at- 


. 


2. * traction 


— 


traction is mutual; ſo that the iron attracts 
the magnet as much as the magnet attracts 
the iron; for if they be placed on pieces 
of wood, ſo as to float upon the ſurface 
of water, it will be found that the iron 
advances towards the magnet, as well as 
the magnet advances towards the iron; 
or if the iron be kept ſteady, ve ene 
will move towards it. | 
The ſtrength or degree of magnetic at- 


traction varies according to different cir- 


cumſtances; namely, the ſtrength of the 
magnet, the weight and ſhape of the body 
preſented to it, the magnetic or unmag- 
netic ſtate of that body, the diſtance be- 
tween it and the magnet, &c.: which par- 
ticulars we ſhall now examine in their 
order. | | 
A magnet attracts a piece of ſoft and 
clean' iron more forcibly than any other 
ferruginous body of the like ſhape and 
weight. The iron ores, amongſt which 


the natural magnet is comprehended, are 


attracted more or leſs forcibly, in pro- 
portion as they contain a greater or leſs 
quantity of metallic particles, as that 


C. 3 quantity 
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quantity is in a more or leſs perfect metal - 
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lie ſtate, and as it is of a ſofter or harder 
nature; but they are all, as well as hard 
iron and ſteel, ee e leſs ue than” 
ſoft iron. 

If a piece of iron be pet focuets 
ſively to the various parts of the ſurface 
of a magnet, it will be found that the at- 
traction is ſtrongeſt at the poles of the 
magnet /viz. thoſe parts of the ſurface 
which, when the magnet is freely ſuſ- 
pended, are directed towards the north 
and the ſouth) ; that the attraction dimi- 
niſhes in proportion as the part of the 
ſurface to which the iron is preſented 
recedes from the poles ; and is very little 
or not at all perceivable about thoſe parts 
of the ſurface, which : are equidiſtant from 
1 poles. 

The attraction is ſtrongeſt near the ſur- 
face of the magnet, and diminiſhes as it 
recedes from it: vis. if a piece of iron be 
placed in eontact with one of the poles of 
a magnet ſufficiently ſtrong, they will ad- 
here to each other, and there is required 

' acertain force to ſeparate them; but if the 
Lt ai ſame 


+» 
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ſame piece of iron be kept at an inch 
diſtance from the ſame pole of the magnet, 
there will alſo. be perceived an endeavour 

to attract it; but the force required to 
prevent the iron running to the magnet 
will be found to be much ſmaller, than 
that which was required to ſeparate them 
in the firſt caſe; and if the iron be held 
at a diſtance greater than one inch, the 
attraction will be found to be ſtill weaker ; 
and ſo on. | 

Though the attraction between the 
magnet and the iron, or other ferrugi- 
nous body, is ſtronger within a ſhort 
diſtance than farther off, yet the law of 
that diminution. has not yet been aſcer- 
tained, notwithſtanding the repeated en- 
deavours of the greateſt geniuſes philoſo- 
phical and mathematical, For inſtance, it 
is not known whether, at a given diſtance, 
the attraction of a magnet in general is 
twice, three times, or any other number 
of times greater than at double that diſ- 
tance, The analogy of other energies, 
which being propagated from a centre, 
and expanding into a ſphere, haye their 
ES EE” denſitic 


24 Laws or MANETISM. 

denſities diminiſhed in the proportion of 
the ſquares of the diſtances would eaſily 
perſuade one to expect the ſame law 
in magnetics; but experience does not 
ſhew it. Various accurate experiments, 
made by different philoſophers, - have 
been attended with different reſults. ' In 
ſome, the attraction ſeemed to decreaſe 
in the inverſe ratio of the diſtances, with 
ſufficient regularity; but in others it de- 
creaſed much faſter, or in different pro- 


portions at different diſtances : fo that the 


only general concluſion, which may be in- 
ferred from them, is, that the decreaſe of 
magnetic attraction is not ſlower than the 


inverſe ratio of the diſtances ; viz. at dou- 
ble the diſtance the attraction is half as 


ſtrong, or rather leſs; at treble the diſtance 
the attraction is one third as ſtron g. or rather 
leſs; and ſo on *. 

In order to give the reader an idea of 
the above - mentioned irregularity reſpecting 


From ſome other experiments made with mag- 


netic needles, which will be conſidered in the ſequel, 
it appears that the attraction decreaſes i in the ratio of 


the cubes of the diſtances, : 
9 magnetic 


| * 
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magnetic attraction, and alſo of the diſtance 
to which it may extend itſelf, I ſhall ſub- 
join four experiments, accurately made by 
the learned Muſſchenbroek “. | 
Exp. I. A cylindrical magnet, two 
inches long, and weighing 16 drams, was 
ſuſpended to one ſcale of an accurate ba- 
lance, and under it there was placed, upon 
a table, a cylinder of iron, which was ex- 
actly of the fame bulk and ſhape. Things 
being thus prepared, the cylinder of iron 
WSS ſucceſſively placed at different diſtan- 
ces from the magnet, and at each diſtance 
the degree of attraction between the iron 
and the magnet was aſcertained by weights 
put in the oppoſite ſcale of the balance, 
The reſults were as follow, viz. 


Diſtance in inches, Attractions in grains, 
5 — — — 35 
E 
„ 

1 — — — 18 
9 * = = 7 


Introduction t to Natural Philoſophy, hes xix. 
Exr. 
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Exp. II. A ſpherical magnet, of the 
ſame diameter as the cylindrical one uſed 
before, but of greater ſtrength, was affixed 
to one of the ſcales of the balance; and the 
eylindrical magnet, uſed in the preceding 
experiment, was placed upon the table, with 

its ſouth pole upwards, and facing the 
north pole of the ſpherical magnet. In 
this diſpoſition of the apparatus the at- 
tractions were found to be as follows: 


Diltance in inches. | AttraQions in grains, 
e „ „ 
a n ee AP 

SR e ir a 
PS Bt ta e 
a . 94 on; Of 
I — . — 100 
2 Ha 2520 2 — 260 


Exe, III. Inſtead of the cylindrical 
magnet, the cylinder of iron was placed 
upon the table, and under the globular 
magnet. The reſult was as follows: 


— 
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en re- ets | 0 Ht 0 
2— — — 28 
2 1d 2 415 
* 39008 — — 92 | 
Q | — — — 340 * 


Ex. IV. Inſtead of the iron cylinder, a 
globe of iron of the ſame diameter as the 
ſpherical magnet was placed upon the table, 
and the attractions were found to be as 


follows : 

Diſtance in inches. AttraQtions in grains. 
8 — — — 1 
225 NS 
. | 
| Is 
8 1282 — 16 
2 — — — 30 
5 
Q —=— — — 290 


The ſame magnet was found toattract a ſhorter 
cylinder of iron with leſs force, but in the ſame 
ratios 

19 From 


* 
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* From the ſecond and third experiments i* 
appears, that, when in contact, a magnet at- 
tracts another magnet with leſs force than a 
piece of iron. This has been confirmed by 
many other experiments. But the attraction 
between two magnets begins from a greater 

- diſtance than between the magnet and iron; 
hence it muſt follow a different 2 5 of de- 
crement. | 

The attraction between a given magnet 

and a piece of iron is ſubject to a varia- 

tion ariſing from the weight and ſhape of 
the iron; there being a limit, in the weight 
and ſhape of the iron, in which the magnet 

will attract it more forcibly than either a 

greater or a ſmaller one; but this moſt ad- 

vantageous weight and extenſion of the 
piece of iron can only be determined by 
actual experiment, it being various accord- 
ing to the various nature, ſtrength, and 
ſhape of the magnet, as well a8 + the 
iron. 

Magnetic attraction takes place henreeg 
the magnet and ſuch ferruginous bodies as 
were not magnetic before, or between the 
contrary poles of two magnets: but when 


twa 
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two magnets are placed with their poles of 
the ſame name toward each other, then, 
inſtead of attracting, they repel each other. 
However, it often happens, that though 
the north pole of one magnet be placed 
gear the north pole of another magnet, 
or the ſouth pole of the one be placed near 
the ſouth pole of the other, yet they attract 
each other: and ſometimes they __ no 
atttaction nor repulſion. | 
In order to reconcile this apparent con- 
tradiction, it is neceſſary to mention firſt 
another phenomenon, which takes place 
whenever a piece of ferruginous ſubſtance 
is brought near a magnet; and which 
indeed is the foundation of, and ſerves to 
explain, a great many other appearances, 
otherwiſe unintelligible, in the ſcience of 
magnetiſm. "of 2088 
'The phenomenon, i in ort, i is this: viz. 
When a piece of iron, or any other ſub- 
ſtance that contains iron, is brought with- 
in a certain diſtance of a magnet, it becomes 
itſelf a magnet, having the poles, the at- 
tractive power, and in ſhort every pro- 
perty of a real magnet. That part of it 
= which 
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which is neareſt to the magnet, acquires a 
contrary polarity : thus, if an oblong piece 
of iron, A B, be brought within a proper 


diſtance of a magnet, ſo that the extremity | 


A of the iron may be oppoſite the north 


pole of the magnet, then this ſame extre- 
mity A will become a fouth pole, and the 


other extremity B will become a north 


pole. This law will be rendered very evi- 
dent by the n in 4 Third Part 


of this treatiſe. 
The magnetiſm acquired by being placed 


within the influence or the ſphere of acti- 


vity of a magnet, in ſoft iron laſts only 
whilſt the iron continues in that ſituation, 
and when removed from the vicinity of the 
magnet, its magnetiſm vaniſhes immedi- 
ately ; but with hard iron, and eſpecially 


with ſteel, the caſe is quite different; for 


the harder the iron or the ſteel is, the more 
permanent is the magnetiſm which it ac- 


quires from the influence of a magnet; 
but it will be in the ſame proportion diffi- 


cult to render it magnetic. If, for inſtance, 
a "ſoft piece of iron and a piece of hard 
ſteel, both of the ſame ſhape and ſize, 

| * 
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be brought within the influence of a 
magnet at the ſame diſtance, it will be 
found that the iron will appear much more 
magnetic than the ſteel ; But if the magnet 
be removed, the ſoft iron will inſtantly loſe 
its magnetiſm, whereas the hard ſteel will | 
preſerve it for a long time. 

From theſe obſervations two conſequen- 
ces are evidently deduced, vix. firſt, that 
there is no magnetic attraction but between 
the contrary poles of two magnets ; for the 
iron, or other ferruginous body, that is pre- 
ſented to a magnet, muſt become itſelf a 
magnet before it be attracted : and ſecond- 
ly, it appears why a magnet muſt attra& 

a piece of ſoft iron more forcibly than hard 
iron, and much more than hard ſteel, vis. 
| becauſe the hard iron, and more eſpecially 
the hard ſteel, does not become ſo ſtrongly 
magnetical as ſoft iron, when preſented to a 
magnet. 
We may now reſume the ſubject of mag | 
netic repulſion, and ſhew why the magne- 
tic poles of the ſame name may repel, at- 


| tract, or not act at all upon one ano- 
ther. 
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Indeed, the law of repulſion being al- 
ways exerted between magnetic poles of the 
ſame name; nearly as ſtrong as the attraction 
between thoſe of different name, remains 
certain and immutable ; but it often hap- 
pens, that one of the magnets, being more 
powerful than the other, will change the 
pole of that other magnet, in the ſame 
manner as it gives magnetiſm to any other 
piece of iron which is expoſed to its influ- 
ence, and then an attraction will take place 
apparently between magnetic poles of the 
ſame names; though in fact it is an attrac- 
tion between poles of different name, be- 
cauſe one of them has been actually changed. 
Thus, ſuppoſe that a powerful magnet be 
placed with its north pole very near the 
north pole of a weak magnet; it will be 
found that inſtead of repelling they will 
attract each other, becauſe that part of the 
weak magnet, which before was a north 
pole, has been changed into a ſouth pole by 

the action of the ſtrong magnet, 
As thoſe bodies which are poſſeſſed of 
any magnetiſm cannot be very readily af- 
tected by the influence of another magnet, 
| for 


for the very ſame cauſe which renders them 
capable of retaining any magnetiſm at all, 
namely their hardneſs; and, as the power 
of a magnet diminiſhes in proportion to 
the diſtances from its ſurface, it follows, 
that when the north or ſouth pole of a 
weak magnet is from a conſiderable diſtance 


gradually brought near the like pole of a 


powerful magnet, the pole of the weak 
magnet cannot be changed very eaſily ; 
hence, beyond a certain diſtance, v7z. 
before the ſaid pole be changed, the two 
magnets muſt exert a repulſion againſt 
each other ; but when the ſmall magnet has 
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been brought ſo near the powerful one as 


that its pole may begin to be changed, then 


neither an attraction nor a repulſion will 
take place; and when the two magnets are 


approached nearer than that limit, then, 


the pole of the weak one being . 
an attraction will enſue. 


After theſe obſervations, the i ingenious 


reader may eaſily imagine that the decreaſe 


of repulſion between homogeneous mag- 
netic poles muſt be at leaſt as much if not 


more irregular than the decreaſe of the at- 
| RITES traction 
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traction at different diſtances. It is likewiſe 
evident, that many objects muſt be had in 
view in attempting to este the law of 
that decreaſe, : 

Neither the a nor. ths 8 1 
of magnetiſm is ſenſibly affected by the, 
interpoſition of bodies of any ſort, except, 

iron or ferruginous bodies in general. 
Thus, ſuppoſe that when a magnet is pla- | 
ced, at an inch diſtance from a piece of iron, 


W %s 


move it; or, which is the ame ching, oO 
poſe; that the attraction towards, each other 
is equal to one ounce; it will be found that 
the ſaid degree of attraction remains con- 
ſtantly unaltered, viz. always equal to one 

unce, though a plate of other metal, or of 
glaſs, or paper, or other body, be interpoſed 
between the magnet and the iron, or though 
they be incloſed. in ſeparate boxes of glaſs | 


or other matter. Neither the abſence . | 

or preſence of air has any effect upon them. 

In ſhort, no other ſubſtance beſides, iron, 

vr thoſe bodies which contain that metal t 

in any of its metallic ſtates, does ſenſibly f 
ion or * of mag- , 


Heat 


| 18178 1 40 1 
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Heat weakens the power 'of a magnet; 
and a white heat deſtroys it entirely, or at 
leaſt in a great meaſure. Hence it appears, 

that from this cauſe alone, beſides others 
which may concur, the powet of a Agnes. 
muſt be continually varying. 8 mY 

The attractive power of a 'magnet may | 


* 


be increaſed conſiderably by gradually ad- . 
ding more and more weight to. it ; for by — 
this means it will be found that the mag= & 


net will keep, ſuſpended on one day a little 
more weight than it did the preceding day 5: . 
Which additional weight being added to it 8 
on tlie following day, ot ſome time after, it, 
will be found that the magnet can keep 
ſuſpended a weight till greater, and ſo « on 
as TOE as a certain, limit. F 
On the contrary, by an improper ſitu- 2 
ation, or putting a very {mall weight of 
iron to it, the . 0 may gradually 1 loſe 
much of its ſtrength. 5 
It has been ſaid by various authors, that i in 
| rheſe northern parts of the world the nortk 
Y 


; Wha” 


pole of a magnet generally has an at- 
tractive power ſomewhat ſtronger than the. 
ſouth pole, but in the ſouthern parts of 
t | 9 | the 
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the earth the ſouth pole of the magnet is 


"(aid to poſſeſs the greateſt attractive power. 
This law, however, has not been yet pro- 
perly aſcertained. 


The holding of a piece of iron of ome 


magnitude to one pole of a magnet, in- 
creaſes the attraction of the other pole, ſo 
as to enable it to lift a greater weight. 


It has been obſerved, that amongſt the 
natural magnets, the ſmalleſt generally poſ- 
ſeſs a greater attractive power, in proportion 
to their ſize, than thoſe which are larger. 
There have been often ſeen natural magnets, 


not exceeding the weight of 20 or 30 grains, 


which could lift a piece of iron that weigh- 
ed 40 or 50 times more than themſelves. 
Mention is made of a ſmall magnet wore 
in a ring, which weighed about three 


grains, and was capable of taking up 746 


grains, or nearly 250 times its own weight; 
and J have ſeen one which could not weigh _ 
more than fix or ſeven grains, and was 


capable of lifting a weight of about 300 


grains. But magnets of above two pounds | 
weight, ſeldom lift up 1 10 times their « own 


weight of iron, | 
. 135 It 
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It often happens, that a natutal magnet, 
cut off from a larger load-ſtone, will it- 
ſelf be capable of lifting a greater weight 
of iron than the original large load- ſtone 
from which it was cut off. This muſt be 
imputed to the heterogeneous nature of the 
large load- ſtone; for, ſuppoſe that one 
part of it contains a good quantity of pure 
metal ſtrongly magnetical, the reſt of it 
being impure, or mixed with other ſubſtan- 
ces, it is plain that the impure part can only 
obſtruct the action of the purer part; 
hence this latter, being ſeparated from the 
reſt, muſt act more . than the 
whole together did. 

As both magnetic poles together attract 

a much greater weight than a ſingle one, 
and as the two poles of a magnet are ge- 
nerally in oppoſite parts of its ſurface, in ' 
which ſituation it is almoſt impoſſible to 
adapt the ſame piece of iron to them both 
at the ſame time; therefore it has been 
commonly practiſed to adapt two broad 
pieces of ſoft iron to the poles of a load- 
ſtone, and to let them project on one ſide 
of the magnet, becauſe in that caſe, the 
pieces 15 iron being rendered themſelves 
D 1 magnetic, 
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magnetic, angther piece of iron could be 
conveniently adapted to their projections, 


bc ſo as to let both. poles act at the fame 

> time. Thoſe pieces of iron are generally 

1 beld faſt upon the magnet by means of a 
bas or ſilver box. The magnet in this caſe 
| $i 1155 1s ſaid to be armed, and the pieces of iron 
iy  wrecalled the armature. 


In fig. iſt of plate I. A N 
the magnet; C D, C D repreſent the ar- 
mature or pieces of iron, the projections 

of which are D P, and to which the piece 
of iron F is made to adhere. The dots 
ECD C D repreſent the braſs box, having 
a ring E at its upper part, by which 
6 the armed magnet may be ſuſpended. 
Thus the two poles of the magnet, which 
are at A and B, are made to act at D D, 
. where the ſtraight piece of iron F may 
be conveniently applied... | 
For this -purpoſe, and to avoid the ar- 
mature, artificial magnets have been made 
In the ſhape of a horſe-ſhoe, having their 
| poles in the truncated extremities ;,. for 


; which reaſon they have more power than 
the We hg bars. 
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TT is an invariable Jon. in ce "SM 
that no magnet is without a ſouth. and 
a north pole; but it often happens, that 
the ſame magnet has more than two poles, 
viz. ſome of one name, and ſome, of t 
other. The figure, and alſo the hetero- 
-geneous nature of the magnets, is the prin- 
cipal cauſe of their often having more than 
two poles. It is impoſſible to determine 
the number and ſituation of the poles i in 
a magnet without actual trial z. and the 
method of aſcertaining them is, to preſent 
the various parts of the ſurface of the mag- 
net in queſtion to one of the poles of ano- 
ther magnet that is freely ſuſpended; far 
thoſe parts of the magnet, Which repel 
the other ſuſpended one, have the fame | 
polarity, and thoſe, which attract it, have 
A different polarity, _ For inſtance, if the 
6 be preſented. t to che north pole of 
D 4 the 


. 
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the other ſuſpended magnet, then thoſe 
parts of the former which repel the latter 
are poſſeſſed” of a north polarity; and 
thoſe, which attract it, are de of a 


ſouth polarity. 


Two laws may be remarked, with reſpect 
to magnets that have more than two poles, 
The firſt is, that the parts adjacent to one 


pole are poſſeſſed of a contrary polarity ; 


and the ſecond is, that the number of 


poles of one denomination in a magnet is 
either equal to, or differs from-the num 
ber of poles of the other denomination by 
one. Thus, if the magnet has four ſouth 


poles, then it will have either four, or 
three, or five, north poles. | 

Good magnets, of an uniform texture 
and properly ſhaped, have only two poles : 


and they lie in oppoſite parts of their ſur- 


faces ; ſo that a line drawn from the one 
to the other paſſes ne the centre l 
the magyet'®, | 

| : | in 


| Here it muſt not be underſtood, that the polarity | 


of a magnet reſides only in two points of it; for, in 
truth, it is the half, or a great part of the magnet, that 


. . 
© +, , 18 
* — 
* 


1 1 15 8 1 
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In ſuch magnets, the line between the 
two poles is called the. axis; and a line 


formed all round the ſurface of the magnet 1 8 


by a plane, which divides the axis into two 
equal parts, and 1s perpendicular to it, is 
called the equator of the magnet. It ap- 
pears, therefore, that philoſophers have ap- 
propriated to the magnet the poles, the 
equator, and the meridian, in imitation 
of the terraqueous globe; but, to com- 
plete the ſimilarity, magnets have been 
often made of a ſpherical ſhape, with the 
poles and equator marked on their ſurfaces. 
When ſo ſhaped they have been called ter- 
rellas, that is ſmall earths. 
If a magnet be broken into two or 
more parts, each part is a perfect magnet 
_ of itſelf, having two, and ſometimes more 
poles; though not every one of the parts 
has always the ſame number of poles. 


is poſſeſſed of one polarity, viz. has the property of 
repelling the contrary pole of another magnet, and the 
reſt of the magnet is poſſeſſed of the other polarity : | 
the 2 then are thoſe puns in which that power is 


The 
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The poles of the fragments generally, but 


not always, anſwer to the poles Which 
were neareſt to them in _ OR 
magnet. analy 2 


When a magnet can move it 'freely, 
as, if it be ſuſpended by a fine thread, or 
if it be made to float on water by means 
of a piece of wood, or if it be poiſed on 
a point, and provided 'it be not diſturbed 
by the vicinity of iron, &c. it will place 
itſelf ſo as to direct its north pole towards 
the north, and the ſouth pole towards the 


ſouth. Beſides, it depreſſes one of its poles 


below the horizon, at the ſame time that 
the other pole is elevated above it. Of 
this latter property or inclination, we ſhall 


treat in the next chapter, and ſhall exa- 


mine the former only in the preſent. 
When a magnet, that is freely ſuſpended, 
has only two poles, it will place itſelf 
very readily in the magnetic meridian, or 
in that plane in which other good magnets 
are wont to place themſelves : but when 


it has more than two poles, it may hap- 


Py „that thoſe poles are ſo ſituated as 
that 


it will have no directive power, and yet 
it will attract, repel, &c. Suppoſe, for 
inſtance, that an oblong magnet poſſeſſes 
a north polarity equally ſtrong at each 
extremity, and a ſouth polarity in the 
middle; it is plain, that as each of the 
extremities has an equal tendency towards 
the north, neither of them can be directed 


towards the north in preference to the 
other; conſequently the magnet cannot 


traverſe *, Indeed, when both extremities 
have the ſame polarity, it happens very 
ſeldom that they are preciſely of the ſame 
ſtrength; and therefore, excepting this 
caſe, the magnet will always | traverſe: 
however, as the caſe has happened ſome- 
times naturally, and it may, though 


with difficulty, be effected by art, it is 


proper that the young experimenter be 
apprized of it, in order to prevent —_— 
and miſtakes. 


* Ie is hardly neceſſary to obſerve, that if this 8 | 
magnet be broney 1 in two Pieces, the parts will trayerſe 
very xc 


- 
. * * x . 
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that the magnet will not traverſe, that is, 
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The directive property of the magnet 


is the moſt wonderful, and altogether the 


moſt uſeful part of the ſubject. By it 


the mariners are enabled to conduct their 
veſſels through vaſt oceans, out ' of the. 


ſight of land, in any given direction; by 


it the miners are guided in their works 
below the ſurface of the earth; and tra- 
vellers are conducted through deſerts, 


otherwiſe impaſſable. The uſual method 


is, to keep an oblong piece of magnetic 


ſteel Ci. e. an artificial magnet) ſuſpended 
ſo as to move very freely ; which will place 


itſelf always in the plane of the meridian, 
or not much diſtant from it, vis. with 


one and the ſame end towards the north; 
and with the oppoſite end towards the 
ſouth; then, by looking upon the di- 
rection of this magnet, or magnetic 
needle, they direct their courſe ſo as to 
make any required angle with it, viz. ts 
go in any required direction with reſpect 
to the parts of the world. Thus, ſuppoſe 
that a veſſel ſetting off from a certain 
place, muſt go to another place which is 


exactly weſtward of the former; in that 


caſe, 
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caſe, the veſſel] muſt be directed ſo that 


its courſe may be always at right angles 


with the fituation of the magnetic needle, 
and ſo as to let the north end of the 


needle be on the right hand fide, and the 


ſouth end on the left hand fide of the 
veſſel; for, as the magnetic needle lies 
north and ſouth, the direction of eaſt 


and weſt, which is the courſe of the 
veſſel, is exactly perpendicular to it,— 
A little reflection will eaſily ſnew how the 


veſſel may be fteered in any other di- 
rection. 

An artificial ſteel magnet fitted for this 
purpoſe, in a proper box, is called the 


marmer's compaſs, or fea compaſs, on imply i 


ws r 


Thou gh 


to the remoteſt antiquity; it being mentioned by 


Homer, Pythagoras, Ariſtotle, Plato, and others. 


The Jews were acquainted with it. See Kircher de 

magnete, lib. i. cap. v. But the earlieſt knowledge 

of its direQive property, or the diſcovery of the uſe 

ofthe magnetic needle in Europe, was not known be- 

fore the 13th century. 
| Th 


The magnet's attractive power has been known 
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Though the north pole of the magnet, 

in every part of the world, is directed near- 

ly towards the north, yet it happens . 

ſeldom that it points exactly towards it, 

| 1 G that the ſouth pole of the 
| 3 magnet 


r «A 


The honour of this invention Jag been 5 de 
tended for; but by the conſent of moſt writers it 
ſeems, that à certain Flavio or John de Gioja, or 
Giova, or Gira, a Neapolitan, who lived in the 1 ur 
century, has the beſt title to the diſcudery. Dr. G- 
bert, an Engliſh writer of the 26th century, in hies 
book de magnete, affirms, that Paulus Venetus brought. . 
the invention of the compaſs to Italy in the year 1260; 
having learned it of the Chineſe,” Ludi'Vertomanus 
aſſerts, that hen he was in the Eaſt-Indies, abour 
the year 1500, he faw a pilot direct his courſe bya 
magnetic needle faſtened and formed like thoſe nom 
in uſe. And Mr. Barlow, in his Navigator's Supply, 
anno 1507, relates, that in a perſonal conference with 
two Eaſt- Indians, they affirmed, that, inſtead of our 
compaſs, they uſed à magnetic needle" of about ſix 
inches in length, ſuſpended upon a pin L a diſh of _ 
white china earth filled with water, in the bottom r 
which there were marked two croſs nes to indicate 
the principal winds; the reſt of the diviſions being 
left to the {kill of their pilots. © But theſe two laſt ob- 
ſervations; being of a date much poſterior to the uſe of 
the magnetic needle in Europe, conclude nothing 
with reſpeQ to its original diſcovery ; ſince the uſe of 
10 


declination is different in different places, 


| W 
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magnet points exactly towards the ſouth. 
Ia other words, the magnetic. meridian 
does ſeldom coincide with the meridian of 
the place, and generally declines a few 
degrees eaſtward: or weſtward of it. This 


on 
that „ property might have been introduced 


into Aſia. by ſome; European. 
P. Duhalde, in his General Hiſtory: of China, vol. i. 


in the annals of the Chineſe monarchy, ſpeaking of 


the Emperor Hoangti, when he gave battle to Tcht 
Trau, ſays, He, perceiving that thick: fogs ſaved the 
% enemy. from his purſuit, and that the ſoldiers 
e rambled out of the way, and laſt the courſe of the 
« wind, he made a carr, which ſhewed them the four 
e cardinal points: by this method he overtook h. 
„ Teau, made him priſoner, and put him to death. 
Some ſay there were engraved in this carr, on a plate, 
« the characters of a rat and a horſe, and underneath 
* was placed a needle to determine the four parts of 
te the world. This would amount to the uſe of the 
* compaſs, or ſomething very near it, being of great 
antiquity and ell. atteſted. 

And, in another part of the ſame book, asking 
certain ambaſſadors, ſays, After they had their au- 
dience of leave, in order to return to their on coun- 
© try, Tcheou Kong gave them an inſtrument, which on 


ice 
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on land as well as at ſea; and is alſo con- 
tinually varying in the fame places. For 
inſtance, the declination in London 1s not 
the ſame as at Paris, or as at the Cape of 
Good Hope; and the declination in Lon- 
don, or at ſome other place, is not the ſame 

3 | now 


ce ſite ſide towards the ſouth, to direct them better on 
<« their way home, than they had been directed in 
dc coming to China. This inftrument was called 
« Thi Nan, which is the ſame name as the Chineſe 
« now call the ſea compaſs by : This has given oc- 
« cafion to think, that Tcheou Kong was the inventor 
« of the compaſs.” This happened in the 22d cycle, 
above 1040 years before Chriſt, : 

Renaudot adduces ſtrong reaſons againſt the know- 
ledge of the mariner's compaſs amongſt the ancient 
people of China, and of Arabia, See Kircher de 
magnete, lib. i. cap. v. 

Sir G. Wheeler ſays, that he had ſeen a book of 
aſtronomy older than the year 1302, which mentions. 
the uſe of the needle in aſtronomy, but not in naviga- 
tion. And in an old French poet, named Guyot de 
Provins, who wrote about the year 1180, there is ex- 
preſs mention made of the load- ſtone and the compaſs; 
but their uſe in navigation is obliquely hinted at. 
The Spaniſh jeſuit Pineda, and Kircher, affirm 

that Solomon knew the uſe of the compaſs, and that 
| * _ did _—_ uſe it in their navigations. 


Notwith- 
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now as it was 20 years ago, orſome time ago, 
The change or variation of the declination 
may be obſerved even in one hour's time; 
or, tnore properly ſpeaking, the magnetic 
meridian, in one and the ſame part of the 
world, is continually ſhiftin g its ſituation. 

This variation cannot be owing to any im- 
perfection in the conſtruction of the magne- 
tic needles, ot to the various ſtrength of dif- 


ferent magnets, becauſe all the magnets or 


magnetic needles, that are kept in the ſame 
place, ſhew exactly the ſame declination, 
provided they be freely ſuſpended, and not 
placed within the influence of each other, 
or of other ferruginous bodies *. | 

| The 


Notwithſtanding the foregoing rindi, it is ſtill 
very doubtful whether the uſe of the compaſs in navi- 


gäation, or even the traverſing property of the load- 


ſtone, was known by any people before the Europeans 
began to uſe it, in or about the 13th century; in 
which time the above-mentioned Flavio, or John de 
Gioa, if not the inventor, was at leaſt the firſt who 
uſed it for the . of veſſels in the Mediter- 
ranean. 

* The diſcovery of the declination of the magnetic 
needle is generally attributed to Scbaſtian Cabot, a 
Venetian; who is ſaid to have diſcovered it in the year 


E-. 5 15003 
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The uncertainty of this declination in 


different parts of the world, is one of 
the greateſt impediments againſt the perfec- 


tion of navigation; and therefore philoſo- 


phers have ſpared no pains in endeavour- 
ing to inveſtigate its cauſe, and, if poſſible, 
to correct the errors that neceſſarily ariſe 


from it; but human induſtty has not yet 


been able to elucidate this obſeure en of 
the ſubject of magnetiſm. 

Ever ſince the diſcovery of the e 
tion of the magnetic needle, ingenious 
perſons, both at ſea and on land, have 
aſſiduouſly endeavoured to aſcertain its 
quantity in different places; and their ob- 
ſervations have been not only regiſtered in 
books, but are alſo ſet down in good ſea 
charts, for the uſe of future navigators : 
however, thoſe obſervations can ſerve for 
a few years only, on account of their being 


1500; though in truth it was Columbus who, as 
is mentioned in his life, diſcovered it, in his firſt voy- 
age to America in 1492; but the variation of the 
declination, or the variation of the declination in the 
ſame place, but at different times, was diſcovered by 
Mr, Gellibrand, a profeſſor in Greſham College, 

about the year 1625. 


inconſtant . 


G WY SEPT 
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inconftant and fluctuating in the ſame 
places; nor has it yet been diſcovered that 
this variation or fluctuation is ſubject to 
any law or period; though various hypo- 
theſes have been framed for its gh 
tion. 

When the compilation of the preſent 
work was firſt begun, my deſign was to 
inſert in it all the obſervations relating to 
the declination of the magnetic needle, 
which had been made in different parts of 


the world, and at different times, for the 


uſe of thoſe perſons who might wiſh to 
inveſtigate the cauſe or period of that varia- 
tion; but, after having extracted the ob- 


ſervations of divers navigators and other ob- 
ſervers from the accounts of voyages, &c. 


it appeared that the bulk of thoſe obſerva- 
tions alone, independent of any other part 
of the ſubject, would require a volume 
larger than the preſent. Conſidering, there- 
fore, that this additional volume could be 
of uſe only to a few ſpeculative perſons (and 
probably it would not be productive of 
any uſeful theory; ſince, as will. be parti- 
cularly mentioned in the ſequel, the cauſe, 
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upon which the declination and its varia- 
tion are likely to depend, ſeems to be itſelf 


very fluctuating and irregular) I have con- 


tented myſelf with ſubjoining only a- liſt 
of a few : obſervations made in various 
parts of the world, together with the obſer- 
vations made at different times in London, 


After which I ſhall conclude this chapter 


with ſome general obſervations relating to 
the declination, and a SRO of the 
daily variation. 


N. B. By the declination being eaſt or 
weld; is meant, that the north extremi- 


ty of the magnetic needle is on the eaſ- 


tern or weſtern fide of the meridian of 


the place, 
Latitude, Longitude, Declination, | Vears in which 
North. Weſt. Eaſt. the obſervations 
o / o' / © 7 vere made. . 
70. 17.163. 24. 30. 21. 1779. 


69. 38.164. 11.31. o.] 1778. 
66. 36.167. 55.27. 50. | 
65. 43.170. 34 |27- 58. 
63. 58.165. 48.26. 25. 
59. 39.149. 8.22. 54. 
58. 14.139. 19.24. 40. 
66. 12.135. 0.23. 29. 
53. 37-1134+ 5320. 32. 
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Latitude, Longitude, 
North. +. wo 
© ſ © s 
50. 8. 74. 40 
48. 44. 5 O. 
40. 41.11. 10. 
33. 45. 14. 50. 
31. 15. JO. 
23. 8 
23. 54 $87 26; 
20. 30. 20. 6 KO 
19. 45+ 20. 39. 
16. 
15. 2523. 36. 
13. 32.23. 45 
12. 81.23. 54. 
11. 51.24. 5 
3... 33. £0. 
6. \ 29+ | 20s 6. 
4. 23.21. 2. 
3. . 36: 
2. 40. 24. 10. 
I. 14. 26. 2. 
d. . 10. 
o. 7. 27. 0. 
South. 
I. 13. 28. 58. 
2 4 . 29. 37. 
3. 37. 30. 14. 
4. 72. 0% 29 
5. o. 31. 40. 
6. O. 33. 


9 
20. 36. 
22. 35. 
22. 3% 
„ 4 
17. 43- 
14. 
15. 4. 
147 . 
131 3k 
10. 33. 
9. 13. 
9. 28. 
4 48. 
19. 
3. 
9. 44. 
5 
8. 27. 
Te 44+ 
„„ 
4+ 59. 
4. 27. 
| 3. 12. 
. TI'S. 
2. 14. 
| 2. 54. 
1. 26. 
0. 6. 


53 
| Years in which 

che obſervations. 
were made. 


1776. 
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Latitude, 

"South, | 
6. 45. 

7. 50. 

* 
. 
12 15-4 
12. 40. 
13. 23. 
14. II. 
3 
16. 12. 
18. 30. 
20. 8. 
21. 37. 
24. 17. 
26. 47. 
28. 19. 
30. 25. 
33. 43. 
. 
38. 52. 
40. 36. 
1 
44. 52. 
46. 15. 
48. 41. 


Longitude, Declination, 
1 ka | — = 
23. 30. po... 35-|/ 
34. 20.]00. 7. 
34+ 20. PQ. I5., 
. pe 
34+ 49. O0 * 
34. 49-] 1- 12. 
34: 91 1. 
34+- 49-] 1- 9 
34. 40.1. 15. 
35. 20.] 2. 4. 
E553 is. 
36. 1. 5. 20. 
38. 9. 3. 24: 
36. ; 8. Zo 24. 
34- 27-] 3+ 44- 
32. 20.] 1. $58. 
26. 28. | 8 
16. 30.] 4. 44. 
9. 30. 5. 51. 
23. 20.22. 12. 

„ a, 
185. 34.13. 47 
167. 32. 7 
Ss. . 9. 28. 
144. 50.14. 48. 
69. 10.127. 39. 

9 


Years in 
the obſervations 
were made. 


— 


— 
177% 


Declination 
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 Dedlination obſerved in London at al Ieren 


times. 
| „5 
IA 15. 1 
15 0. 11. 11 
1612. 6. 10. I, 
1622. 6. O. yon. 
1633. 4. 5 | 
1634-| 4 F. 4 
1057.1 ©. . ©. } 
1665. 1. 221. 
1666.1. 351. 
1672. 2. 30. | 
1683.| 4. 30. | 
2608-1 ©. | 0. 
1700. 8. o. | 
No 1717. 16. 42+ 1 
1724. [II. 45. 
1725.11. 56. Volo 
1730.13. oo. | * 
1735.14. 16. "Well, 
1740.15. 40. | 
1745.16. 53. 


1750.17. 54 
1760.19. 12. 
1765. 20. oo. | 
1770.20. 35. 


— — — 
: 


nn. 
— 


1774.21. 3+ 
1780. ü 
1785. 


E 4 When 
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When the variation of the magnetic 
n was firſt diſcovered, it was to the 
eaſt of the meridian of London, and of 
ſeveral other places on the continent. It 
has been ſince that time advancing conti- 
nually towards the weſt, ſo that in the 
year 1657, the magnetic needle pointed 
due north and ſouth ; and, at preſent, its 
var lation is about 22* weſt. - This gradual 
advance of the needle's variation from the 
eaſt to the welt, has been obſerved in va- 
rious other places; but in ſome parts of 
the world the variation has neither moved 
with the ſame celerity, nor towards the 
fame way. The rate of its increaſe has 
neither been very regular, viz. if the va- 
riation increaſed was 10 minutes in one 
year, it did not keep conſtantly increaſing 
10 minutes more for every ſubſequent 
year; though ſometimes it has ſhewn a 
conſiderable degree of regularity for a few 
years. In ſhort, the obfervations and theo- 
ries hitherto made, relating to the varia- 
tion of the magnetic needle, do not point 
out any way, by which the declination in a 
given place, and for a given time, may be 
foretold with any degree of certainty. 
FI | 0 The 
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The daily variation is evidently affected 
by the heat and cold; though their not 
being always proportionate to each other, 
ſhews, that heat is not the only cauſe upon 
which it depends. | 
I ſhall now add, as a PEN of the 
daily variation, the obſervations made at 
different hours of one and the ſame day, 
and alſo, the mean variation for each month 
in the year, according to the obſervations 
of the late ingenious Mr. Canton *. | 


* Phil. Tranſ. vol. li.—If the reader be defirous 
of examining farther the obſervations made concern- 
ing the variations of different places, and at different 
times, he may conſult the Phil. Tranſ.—the Hiſtory 
de PAcademie de Paris—almoſt all the Acts of other 
academies —the obſervations made in the courſe of 
Capt. Cook's voyages, and n Mr. Bajly 
and Mr. Wales. -&. &c. 


The 


Hours. Minutes . 


18. 


0. 


co. 
. 

3. 
7: 
9. 
11. 


the ſame day. 
June 27th, 1759. 


12. 
18. 
18. 


19. 
19. 


19 


18. 
18. 


18. 
18. 


19. 


19. 
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The declination obſerved at different bours of 


Declination Weſt. Degrees of Fahrenheit's 
oO T0 thermometer. 
2. | 


F 


Tbe mean variation .for each month in the year, 

H 

8. = 

58. 
17. 


January 
February 


March 
April 
May 
Jos 
uly - 
Auguſt 
September 
October 


November 
December 


— — — a. AM i. AM 
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CHAPTER V. 


07 4 magnet s mmclination, or dipping 
needle. 


AKE a globular magnet, or, which 
is more eaſily procured, an oblong 

one, like S N, fig. 2. of plate I; the ex- 
tremity N of which is the north pole, the 
other extremity S, the ſouth pole, and A 
is its middle or equator. Place it hori- 
zontally upon a table C D; then take ano- 
ther ſmall oblong magnet z s (a common 
ſmall ſewing needle, made magnetic, an- 
ſwers perfectly well for this purpoſe), and 
ſuſpend it, by means of a fine thread tied to 
its middle, in ſuch a manner as to remain 
in a horizontal poſition, when not diſ- 
turbed by another magnet, &c. Now, if 
the ſaid ſmall magnet, being held by the 
upper part of the thread, be brought juſt 
over the middle of the large magnet, 
within two or three inches of it, you 
will find, that this ſmall magnet will turn 
Itſelf fo as to direct its ſouth pole s towards 
the north pole N of the large magnet, and 
its 
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its north pole » towards the ſouth pole 
8 of the large one; agreeably to the mag-. 
netical law mentioned in the preceding 
pages, viz. that poles of different name 
attract each other. It will be farther ob- 
ſerved, that the ſmall magnet, whilſt 
kept juſt over the middle A of the large 
one, will remain parallel to it, and con- 
ſequently in a horizontal ſituation ; the 
reaſon of which is, becauſe the poles of 
the ſmall magnet, being equally diſtant 
from the contrary poles of the large one, 
are equally attracted. But if the ſmall 
magnet be moved a little nearer to one end 
than to the other of the large magnet, 
then one of its poles, namely that which 
is neareſt to the contrary pole of the large 
magnet, will be inclined downwards ; and 
of courſe the other pole will be elevated 
above the horizon. It is evident that 
this inclination muſt be greater according 
as the ſmall magnet is placed nearer to 
one of the poles of the large magnet, be- 
cauſe the attraction of the neareſt pole will 
have more power upon it. Farther, if 
the ſmall magnet be ä juſt oppoſite 
one 


„ „ tr fore 
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ene of the poles of the other, it will 
turn the contrary pole towards jit, and 
will place itſelf in the ſame ſtraight line 
with the axis of the large magnet. 


Obſerve the fig. 


After comprehending this very eaſy ex- 


enn the reader, in order to under- 


ſtand the phenomena of the magnetic 
inclination or dipping needle upon the 
ſurface of the earth, needs only imagine 
that the earth is the large magnet, and 
that the magnetic needle, or any other 
magnet, is the ſmall magnet of the pre- 
ceding experiment; for, admitting that 
the north pole of the earth is poſſeſſed of 
à ſouth magnetic polarity, and that the 
oppoſite pole is poſſeſſed of a north mag- 
netic polarity, it appears, as is con- 
firmed by actual experience, that when a 
magnet, properly ſhaped and ſuſpended, 
is, kept near the equator of the earth, it 
muſt remain in a horizontal fituation ; 
that if it be removed nearer to one of the 
poles of the earth, it muſt incline one 
of its extremitics, namely that which is 
poſſeſſed of the contrary magnetic pola- 


rity; 
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as we call that ſame end of the needle a 
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rity; that the ſaid inclination muſt iris 
creaſe. in proportion as the magnet of 
magnetic needle recedes from the equa- 
tor of the earth; and laſtly, that when 
brought juſt upon either of the poles of 
the earth, it muſt ſtand perpendicular to 
the ground, viz. in the ſame ſtraight line 
with the axis of the earth. The direction 
of the dipping needle, in any 1 
called the magnetical line. | 

My reader muſt not be ſurpriſed to hear, 
that a ſouth» magnetiſm is attributed to 
the north pole of the earth; it being only 
meant, that it has a magnetic polarity 


contrary to that end of the magnetio 


needle which is directed towards it; and; 


north magnetic pole, we muſt of neceſſity 


attribute a contrary polarity, that is, a 
ſouth magnetic polarity, to the north pole 


of the earth. With a proper change of 
names, the ſame remark muſt be under- 
ſtood of the ſouth pole of theearth, which 
therefore muſt be conſidered to be poſ- 
ſeſſed of a north magnetic polarity, 
Thatthe whole body of the earthacts like 


a real 
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a real magnet, is a ſuppoſition, not only 
ſuggeſted by the ſimilarity between the 
phenomena of the dipping needle and the 


| above-mentioned experiment; but is con- 


firmed by many other experiments and ob- 
ſervations, ſo that it would be ſcepticiſm 
indeed to doubt of it: we ſhall, however, 
examine this ſubject more at 845 in the 
next Part. | 

If the poles of the earth, viz. the ex- 
tremities of the axis, about which it 
performs the diurnal rotation, coincided 
with its magnetic poles, or even if the 
magnetic poles were always at a fixed 
diſtance from them, the inclination of the 
magnetic needle would be regular, and 
navigators could derive great | advantage 
from it ; for it would not be difficult to 
determine, - by mathematical means, the 
degree of the inclination of the needle in 


any given latitude; and conſequently, by 


obſerving the actual inclination of the 
dipping needle in any required place, the 
mariners could thereby aſcertain the lati- 
tude of that place. The caſe, however, 
is far different; for the magneticJpoles of 
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the earth are continually ſhifting fitua« 
tion, and that without any known regu⸗ 
larity or period: hence, the inclination; 
as well as the horizontal direction, of the 
needle is continually changing in the ſame 
place, and generally it changes very little 
in one place, and a great deal or nothing in 
another; ſo that the exact degree of its in- 
clination, in any given place, can only be 
aſcertained by actual experiment,— Here 
follow a few obſervations of the inclina- 
tion of the needle in various places. 


North. 


jt 


| | 


Longitude, 


Eaſt, 


© 


1 


0 


{ The north end of 
the needle belo 


I 


53. 


49+ 


44. 


38. 


34. 


29. 
24. 
20. 
15. 


12. 


— 


55- 


36. | 
5˙ 


53 
57. 
18. 
24. 
47. 
8. 
1. 
©. 


2. 


8. 
12. 
14. 
I 64 
I8. 
19. 
23. 
23. 
22. 


27. 


193. 39. 
233. 10. 


10. 
1. 


2 


| Years in whith 
the obſervati- 
ons were made, 


1778. 


1776; 
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Latitude, yg Longitude, ] The north end of Vears in which 
South. Eaſt. the needle below | the obſervations 
n 
7. 40: 30. 34.22. 15. 776. 
7. 3. J. ef 25 
11. 25. 34. 24.9. 15. 
I has”. 
16. 45.|208. 12.29. 28. 
19. 28.|204. 11.41. o. 
i 21. 8.185. o. 39. 1.1%. 
35. 55 18. 20.45. 37.1774. 
1 63. 49. 17½%7. 
. 166. 18.70. 5. 1/73. 


! 45. 
| Two principal obſervations may be made 
with reſpe& to the dipping needle: the 
firſt is, that its inclination: does not alter 
regularly in going from north to ſouth, 
or from the latter to the former, along 
any meridian; and the ſecond is, that 
its alteration in the ſame place, at dif- 
ferent times, is very ſmall: Thus, in 
London, about the year 15576, the north 
pole of the dipping needle ſtood 717. 50. 
below the horizon; and in the year 1775 
it ſtood at 72. 3, the alteration of the 
inclination in ſo many years amounting to 
leſs than a quarter of a degree, which may 
M F be 
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be even attributed to the error of the in- 


ſtruments, ſince, as will appear in the 


ſequel, thoſe inſtruments are far from 
having attained to any ; 9% kd even in 
the . 5 


[2 
# — n | * „ 
" 
1 % 


CHAPTER 


TN the various bodies which are attracted 


| by the magnet. 


ROPERLY ſpeaking, the magnet 
attracts only iron, in whatever ſtate 


that metal may be ; but, as moſt natural 
bodies contain too fmall a quantity of 
iron to be called ferruginous, and yet 
they are attracted by the magnet, it is 
proper to enumerate them in this chapter, 
not only to ſhew the great diſperſion of 
iron throughout the works of nature, but 
alſo, becauſe thoſe obſervations ſeem likely 
to open the way to farther diſcoveries in 
other branches of philophy- as * as 
magnetiſm. 

The liſt of thoſe bodies is very com- 


prehenſive 3 
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prehenſive; there being hardly any ſub- 
ſtance, but which, if not naturally, at 
leaſt by ſubjecting it to the action of fire, 


may be rendered, in ſome meaſure, capable 
of being attracted by the magnet. 


Iron is attracted with different degrees 


"of force, according to the different ſtates 


of its exiſtence; but it never becomes. 
quite inſenſible to the magnetic power. 
Even the pureſt calx, or the compleateſt 
ſolution, that has been produced of that 
metal, when properly examined, is found 
to be in ſome degree attracted by the 
magnet, 

Soft iron, clean and wy an uniform tex- 
ture, is attracted more forcibly than the 
hard, or any other ſort of iron. Steel, eſpe- 
cially when hardened, is attracted much leſs 
forcibly than iron. The ſcales which are 
ſeparated from the ſurface of red-hot iron 
when hammered, and the particles of 
burned ſteel that are produced from the 


colliſion of a flint and ftcel, are attracted 


by the magnet about as well as pieces of 

good iron. that equal them i in bulk... :.. 
The black calx of iron is attracted very 
| „ weakly. 
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weakly. The red calx, or ruſt, whether 
it be produced by the action of acids, of 
fire, or of expoſure to the atmoſphere, is 
attracted very little; but it never becomes 
quite infenſible of the magnet's action, 
though it be repeatedly waſhed and pu- 
When the particles of iron are in the 


form of black ſcales, or even in that of red 


calx, they are often of ſuch a nature, per- 
haps owing to their hardneſs, as to acquire 
a weak but ſenſible polarity from the in- 
fluence of a ſtrong magnet ; ſo that, by 
changing the pole of the magnet that is 
preſented to them, they may be made to 
turn accordingly ; though, in general, they 
attracted alike on every ſide. 

Beſides the different ſtates of purity, the 
attraction between the iron and a magnet 
is ſubject to a conſiderable variation, ariſing 
from the ſize of the iron; for a ſingle piece 
of iron of a certain bulk, which, as was 
obſerved in the 3d chapter, muſt be de- 
termined by experiment in any magnet, 
is attracted more forcibly than either a 
larger or a ſmaller piece, or than many 

pieces, 
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pieces, which, taken all together, are equal 
to it in weight ; hence it follows, that a; 
quantity of iron is attracted with the leaſt 


force, when reduced into the nn bits, 3 


or fineſt powder. a ll | 

The ores of iron are . more or 
leſs readily, according as they contain a 
greater or ſmaller quantity of metal, and 
as that metal is in a more or leſs perfect 
metallic ſtate; but they are always at- 
tracted, even thoſe which contain ſo ſmall 
a quantity of ang as Po to deſerve 
the name of ores. 

By the action of fire, W iron ores are 
generally put in a ſtate of being much 
more readily attracted, which is evidently 
owing to their acquiring more of the in- 


flammable principle, or to their approach 


ing nearer to the perfect metallic ſtate. 
In fact, if thoſe ores which are very weakly 
attracted, be expoſed to the action of fire, 
when they are ſurrounded by ſubſtances 
that abound with the inflammable principle, 
they are thereby rendered much more ca- 
pable of Fg attracted, than if they be 

F 3 expoſed | 
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of air, by themſelves. 

The ores of other metals are geminatly, 
though weakly, attracted by the magnet, 
which ſhews their containing ſome iron; 
ſuch are the ores of lead, of tin, and of 


copper. Native cinnabar is likewiſe at- 


tracted; but the factitious cinnabar is 


not *. 


The pure metals are not attracted; and 
it is very ſingular, that though pure lead 
is not attracted in the leaſt by the magnet, 
yet its calx is a little attracted. The calx 
of tin is likewiſe attracted, but even in a 
ſmaller degree . 

Of the ſemi- metals, zinc, abet, and 


particularly cobalt, as well as their ores, 


are almoſt always attracted by the magnet. 
Antimony is not attracted unleſs it be firſt 
expoſed to a gentle fire. Arſenic is not 
attracted at all. | | 


This remark ſhews, that the colour of a mineral 
is not always a ſure indication of its containing iron; 3 
for both ſorts of cinnabar have the ſame red colour, 

| + See Brugman 1 magnet. F xxxix. 
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A certain ſort of biſmuth is ſaid to poſſeſs 

a very ſingular property, which is, that the 
magnet repels it on every fide *. 

Whoever confiders the vaſt diſperſion 

of iron throughout the world, and its' being 

always capable of attraction towards the 


magnet, will eaſily, believe, that there is 
hardly any ſubſtance in nature, which, if 


not in its uſual ſtate, at leaſt by burning, 
may be rendered capable of being in ſome 


| meaſure attracted by the magnet. 


The other minerals beſides the metallic, 
are almoſt all attracted by the magnet, at 
leaſt after having been expoſed to the action 


_ # 66 Biſmutum colore albo, argenteo, nitente, tra- 


& hitur a magnete, creſcitque illius attractio ex igne 
<« ſemimetallum hoc in calces vertente; ſed biſmu- 
< tum cujus colori magis obſcuro quid de violaceo 
t inhærebat ſingulare admodum phznomenon exhi- 
<« buit. Ejus ſcilicet portio, circello chartaceo aquæ 
innatanti immiſſa lente, ab utroque magnetis polo 
in omnem plagam repellebatur, Huic ſimile quid 
me ſemel tantum, et caſu, inter millena experi- 
« menta magnetica, obſervaſſe memini, in molecula 
exigua ex lapide noſtro molari excuſſa. Repulſio 
* hec biſmuti ſingularis in attractionem ignis <p 
«« mutatur perquam tamen continuo exiguam.” 


Brugman de affinit. magnet. & xl. 
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of fire xñ. Of the pure earths, the calca- | 
reous is leſt or not at all, and the ſilice- 
ous the moſt frequently, attracted. Sand is. 


generally attracted, eſpecially the black 
ſea- ſand, Which evidently contains a good 


deal of martial earth, or 9 half- form- | 


60 iron. 

Amber and other combuſtible minerals 
are generally attracted by the magnet, eſpe- 
cially after burning. | 

Of the precious ſtones, thoſs which wk 
pellucid, as the diamond, and cryſtals, are 
not attracted. The amethyſt, topaz, chal- 
cedony, and generally thoſe which are de- 

When ſubſtances are to be burned, or, as it is 
called by ſeveral mineralogiſts, are to be roaſted, for 
the ſake of rendering them more eaſily capable of be- 
ing attracted; it has been recommended by various 
iogenious perſons, to ſurround them with what they 
call a reducing flux, viz. with ſubſtances that con- 


tain abundance of phlogiſton, in order to reviviſy, 
as much as poſſible, the ſmall quantity of i iron calx 


which is in the ſubſtances to be examined; but care | 


ſhould be had, that, in this operation, ſome quantity of 


iron be not imparted to thoſe ſubſtances by the redu- 


cing flux itſelf. —A common earthen crucible, though 
itſelf magnetic, yet it has been found that it imparts 
no iron to the ſubſtances Wt are oxpoſeg in it to 


a the fire, 
prived 
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prived of their colour by fire, are not 
attracted. The other precious ſtones are 
all attracted; viz. the ruby, eſpecially the 
oriental, the chryſolite, and the tourma- 
lins. The emerald, and particularly the 
garnet, are not only attracted, but fre- 
quently acquire an evident polarity from 
the influence of a ſtrong magnet, ſo. that 
afterwards they are attracted from one fide 
and repelled from the other. Why © he opal i is 
but weakly attracted. : oo 
Almoſt every part of animal or - vegeta- 
ble bodies, after combuſtion, is in great 
meaſure attracted by the magnet. The 
fleſh, and eſpecially the blood, after burn- 
ing, are attracted moſt, but the bones 
are attracted leſs powerfully, The ve- 
getables, after burning, are almoſt all, 
though not all with equal force, attracted 
by the magnet. But unburned and freſh 
animal or vegetable ſubſtances yery ſeldom, 
if eyer, ſhew. any rente attraction 
towards the magnet. 10 
It is very remarkable, that e even tot. and 
the duſt which uſually falls upon whatever 
is left expoſed to the atmoſphere, are ſen- ir 
fibly attracted by the magnet. | 
1 Thus 
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Thus it appears that iron, though divi- 
ded into exceedingly ſmall particles, is in 
ſome ſtate or other mixed with every ſub- 


ſtance; that it is to be found in animals, in 
vegetables, in minerals, and even in the air; 
that in every ſtate of exiſtence it always 

ſhews ſome attraction towards the magnet; 
and that its exiftence in ſeveral ſubſtances 
can be diſcovered by no other known me- 
thod beſides the magnet. But a judicious 
enquirer might aſk, Why muſt we conclude 
that a ſubſtance contains iron, only becauſe 
it is in ſome'meaſure attracted by the mag- 
net? and when he is told, that the mag- 
net attracts only iron, he might again afk 
for a demonſtration of that law. Indeed 
it ſeemsalmoſ certain, that ſome bodies, in- 
dependent of iron, are attracted by the 


magnet; but, as the proofs of this aſſertion 


depend upon ſome of the author's own 
experiments, Which will be related in the 
laſt Part of this work; it ſeems not proper 
to admit the above mentioned aſſertion as 
law 4 in | this plats. n g 
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CHAPTER VII. 
1 communicated Magnetifm. 


HENa piece of iron or ſteel, or, 
in ſhort, of any ferruginous body, | 
is 5 preſented. to a magnet, within a proper 
diſtance of one of its poles, it becomes i in- 
ſtantly magnetic, the part of it, which j is 
neareſt to the magnet, acquiring the con- 
trary polarity, ; &c. 

This acquired magnetiſm. is FAS) 
with ſoft iron, and weakeſt with hardened 
ſteel, or with the brittle ſort of caſt iron; 
the other ſorts of iron or ferruginous 


| bodies acquiring a ſtronger or weaker 
- power, according as they approach the 
: hardneſs of the latter or the ſoftneſs of 
a the former. But the permanency of the 
n acquired magnetiſm follows juſt the reverſe 
© of this rule; ſo that the hardeſt ſteel re- 
T | tains it for many years with little or no 
a diminution; whereas very ſoft, iron loſes 


it entirely the moment it is removed from 
the influence of the magnet; the other 
| ferruginous bodies preſerving it for a lon» 
A BE. 10 ger 
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ger or ſhorter time, according as they 
participate more of the nature of hard 
ſteel, or of that of ſoft iron. Hence it may 
be deduced, that, in general, the beſt method 
of making artificial magnets, conſiſts in 
applying one or more powerful magnets to 
pieces of the hardeſt ſteel, becauſe thoſe 
pfleces will thereby acquire a conſiderable 
power, and will retain it for a long time; 
taking care, in this operation, that the north 
pole of the magnet or magnets be applied 
to that extremity of the piece of ſteel which 
is required to be made the ſouth pole, and 
that the ſouth pole of the magnet be applied 
to the oppoſite extremity.—In the ſame 
manner as a piece of ſteel or iron is ren- 
dered magnetic, a weak magnet may be 
rendered more aeg or its er. may 
be reſtored when loſt. | 
_ ”Ttis evident, that in this e 0 ope- 
rator ſhould have one or more magnets, by 
the application of which the ſteel, or other 
ferruginous body, may be rendered magnet- 
ical; therefore it may be aſked, By what. 
means is magnetiſm originally given, to 
Tr artificial en as are ſaid to have 
5 that 
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that power imparted without the inter- 
ference of any magnet? — The anſwer to 
this queſtion is, that no magnetiſm at all 
can be communicated to any ferruginous 
body whatever, without the action of ano- 
ther magnet; and that, in the method vul- 
garly called, of giving magnetiſm to ſteel, 
Sc. without the aid of amagnet, the begin- 
ning of the magnetic power is communi- 
cated from the earth, which is a real mag- 
net; and therefore there is no magnetiſm 
communicated but by the action of another 
magnet. 

The experiment which ſhews the mag- 
netiſm of the earth in the cleareſt man- 
ner poſſible, and by which means the be- 
ginning of that power is communicated in 
the above-mentioned method, is the fol- 
lowing : 

Take a ſtraight bar of ſoft iron (one of 
two or three feet in length, and about three 
quarters of an inch in diameter, will an- 
{wer perfectly well), and, in theſe parts of 
the world, if you keep it ina vertical poſi- 
tion, that is, with one end A towards the 
ground, and with the other end B upwards; 
you 
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you will find that the bar is magnetic; 
the-extremity A being a north pole, capable 
of repelling the north pole of a magnetic 


needle, and the upper end B being a ſouth: 
pole, capable of repelling the ſouth pole, 


and of attracting the north pole, of the 
magnetic needle.— If you invert the bar, 
placing it with the extremity B down- 
wards, its polarity will be inſtantly reverſ- 
ed, B becoming the north, and A the ſouth 
pole *. The explanation of this curious 
phenomenon is cafily deduced from the 
foregoing obſervations ; for, ſince in theſe 
northern parts the earth is poſſeſſed of a 
ſouth magnetic polarity, the loweſt part of 


x the iron bar, by being neareſt to it, muſt 


acquire the contrary, namely the north 
polarity ; the other extremity of the bar 
becoming a ſouth pole, 

It follows likewiſe (and it is confirmed 
by actual experiment) that in the ſouthern 
parts of-the earth the loweſt part of the bar 


An iron bar of four or five feet in length, 8 


above an inch thick, in this ſituation, will be capable 


of attracting a ſmall bit of iron, or a common ſewing- 
acquires 
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acquires the ſouth polarity ; that on the 
equator the bar muſt be kept. horizontal, 
in order to let it acquire any magnetiſm 


from the earth; and that, even in theſe 


parts of the earth, the moſt advantageous 
ſituation of the bar is not the perpendi- 
cular, but that a little inclined to the 
horizon. In ſhort, in every part of the 
world it muſt be placed in the magnet. 
ical line, viz. in the direction of the dip- 
ping needle *.—If the iron bar, inſtead of 
being kept in the magnetical line, be 
placed in a direction perpendicular to it, 
then it will acquire no magnetiſm, becauſe 
in that ſituation the actions of both poles of 
the earth upon each extremity of the bar . 
are equal. If, inſtead of the above- men- 


_ tioned two directions, the bar be placed in 
any other poſition, then it will acquire 


more or leſs magnetic power, according 
as it approaches nearer to the former 
or to the latter of the ſaid two direc- 
tions. 70 90 | | 5 
A bar of hard ſteel, or of hard iron, 

does not acquire any magnetiſm from 


d dee the fifth chapter of this Part. 
1 the 
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the earth, like the bar of ſoft iron, be- 
cauſe the magnetic power of the earth 
is weak, in proportion to that which is 
required in onder to N a ſteel 1 


magnetic. 

Having thus deſeribed the h 
phenomena of communicated magnetiſm, 
we muſt now proceed to enumerate the 
particular laws, which have been aſcer- 
tained concerning them. 

A magnet, by communicating 3 mag= 
netiſm to other ſubſtances,” not only loſes 


nothing of its power, bur has it rather 


* 


improved. 


A magnet can never communicate a 


greater power than itſelf poſſeſſes, or even 
an equal degree of it; but ſeveral mag- 


nets, of nearly an equal degree of mag- 


netiſm, when joined together, have a 


ſtronger power than one of them ſingly; 
hence, in order to impart a ſtrong mag- 


netic power to a given body A, by means 
of a weak magnet B, one muſt firſt render 
ſeveral bodies C, D, E, F, &c. weakly 


magnetic, and then, by properly joining 
C, D, E, F, &c. together, he may com- 
municate 
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municate to another body, or ſevetal other 
bodies, a ſtronger magnetiſm, till, at laſt, 
he will be able to communicate to A the 
required degree of magnetic power. 

It is almoſt ſuperfluous to mention, that 


' when the ferruginous body is applied in 


contact with the magnet; it acquires a 
ſtronger power than if it be ge at ſome 
diſtance from its ſurface; | 

When a ferruginous body is pen 
to the influence of a magnet, though it 
acquires the greateſt part of the power at 
the very firſt perceptible inſtant; yet, in 
order to acquire the utmoſt degree, of 
which that body may be capable, it muſt 
remain in that influence for a conſidetable 
time. Soft iron acquires the maximum 
of magnetic power very readily; but, ac- 
cording as the nature of the ferruginous 
body is harder; ſo the maximum of the 
power is communicated flower, | 


Agreeably to thoſe laws, it has fre- 


quently been obſerved, that bars, and other 
pieces of iron, by having remained a long 
time in one ſituation, have become mag- 

ee ee netic. 
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netic *®, Sometimes iron bars, which 
were not capable of a permanent mag- 
netiſm on account of their ſoftneſs, -have 
in time, and by being left expoſed to the 
' atmoſphere in a due fituation, acquired à 
conſiderable degree of magnetiſm ; but it 
has been alſo remarked, that thoſe bars 
have, at the ſame time, become harder; 
which is, perhaps, owing to a partial 
calcination, or to ſome other hitherto, un- 
aſcertained change in the nature of the 
Iron. $:3:454 $053 530J& 
The polarity thus communicated by the 
earth toiron bars, is more or leſs permanent, 
in proportion to the degree of hardneſs of 
the iron, the time of their remaining in one 
ſituation (the moſt proper being that of 
the dipping needle), and laſtly, the fhape 
of the iron, or the proportion between 
the thickneſs and length of the pieces. 
An oblong. piece of iron made red hot, 
and then left to cool in the magnetical 
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It is frequently found mentioned in books, that 
ſome pieces of iron, which had remained in one ſitua- 
tion for many centuries, were become as ſtrongly 
magnetic as good natural magnets. 


line, 
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line, acquires thereby a degree of mag- 
netiſm, which is more or leſs permanent, 
according to the nature of the iron, The 
reaſon of which is, becauſe, whilſt red hot, 
the iron is ſoft, and therefore the earth 
can render it magnetic more eaſily ; but, 
when cooled, it becomes harder, and con- 
ſequently more tenacious of the acquired 
power, | | 

In drilling, filing, MER and, in 
ſhort; | in all thoſe caſes in which iron, 
ſteel, &c. is put into violent action, ſome 
of the pieces concerned frequently acquire 
a conſiderable degree of magnetiſm; the 
origin of which muſt be derived from the 
earth, and from the changeable nature of 
the metal, or the viciſſitudes of heat, cold, 
and vibratory motion, in which it is ac» 
cidentally put. 5 | 

It ſeems that, for the fame reaſons, 
| magnetiſm i is in certain caſes produced by 
means of electricity; the particulars ob- 
ſerved, coneetning which, are the follow- 
ing, and they were aſcertained by means 
of the moſt powerful electrical machine 
that has been yet made. — They in a 
G2 great 


i , 


| | 
1,4". 

| 
'1F 
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poles contrary to the uſual direction, then 


ing perpendicularly in theſe parts of the 


84 Laws oT MAGNETISM. 
great meaſure, coincide with thoſe made 
with other machines. 1 wats Ih 
When the bar or needle is laid horizon- 
tally in the magnetic meridian, whichever 
way the ſhock of an electric jar or battery 
enters, the end of the bar that ſtands 
towards the north will acquire the north 
polarity, viz. the power of turning to- 
wards the north when freely ſuſpended ; 
the other end acquiring the ſouth polarity. 
If the bar, before it receives the ſhock, 
has ſome polarity, and is placed with its 


* 


its original polarity is always diminiſhed, £ 
and often reverſed. 3 
When the bar or needle is truck ſtands 


_. . A ad i- 


world, its loweſt end becomes the north 
pole, even when the bar had ſome mag- 
netiſm before, and receives the ſhock 
whilſt ſtanding with its ſouth pole down- 
wards. When all the other circumſtan- 


ces are alike, the bars ſeem to acquire be 
an equal degree of magnetic power, whe-_ 5 
ther they are ſtruck whilſt ſtanding hori- fle 
zontally in the magnetic meridian, or por- T 


r to the horizon. 
* When 
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When a bar or needle is placed in the 
magnetic equator, the ſhock ſent through 
its length very ſeldom, if ever, renders it 
magnetic; but if the ſhock be paſſed 
through its width, then the needle be- 
comes magnetic, the extremity of it 
which laid towards the 2 ee | 
becoming the north pole. 

If a needle or bar ſtrongly magnetic, 
or a natural magnet, be ſtruck by the elec- 
tric ſhock, its power is thereby dimi- 
niſhed. e 
When the ſhock is too ſtrong, with re- 
ſpect to the ſize of the ſteel needle, fo as 
to render it conſiderably hot, then it ac- 
quires either none at all, or a 2 ſmall 
degree of magnetiſm *. 

B88 a ſtroke of lightning, which is 
an electrical phenomenon, often renders 

magnetic pieces of iron, of ſteel, or thoſe 

* For thoſe experiments, the bars or needles muſt 
be proportioned to the degree of cleric power; other- 
wiſe, they will not ſucceed. See Van Marum's ac- 
count of a very powerful electrical machine, con- 


ſtructed for the Muſeum of Teyler at Harlem; and my 
Treatiſe on Electricity, vol. i. p. 66. and vol. ii. p. 282. 


G 3 | ' bodies 
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bodies which contain. iron, as certain £ 


bricks, &c. 

If one pole of a magnet, for 1 
the north, be applied to one end C of an 
oblong piece of iron or ſteel, like C D, 


fig. 3d of plate I. that end C will become 


a ſouth pole; and if the bar C D be very 
long, there will be found a part of it, not 
far diſtant from C, which is poſſeſſed of 
the north polarity ; and. this is followed 
by another part, poſſeſſed of the ſouth 
polarity ; and fo on alternately, till the 
power becomes imperceptible; the num- 
ber of thoſe ſucceſſive poles depend- 
ing upon. the ſtrength, and principally 
upon the length of the bar; but if the 
bar be of a proper length and thickneſs, 
vhich muſt be likewiſe proportioned to 
the ſtrength of the magnet employed, 
then the bar will have only two poles, its 
other extremity D FIG the north 
polarity, _ 


In the latter cake, if that pole of the 


magnet be gradually moved along the ſur- 


face of the bar from C as far as D, it will 


afterwards 
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afterwards be found, that the polarity of 
the bar is entirely changed, the extremity 
C being now poſſeſſed of the north, and 
the extremity D of the ſouth polarity. _ 

It is evident, that, whilſt the magnet is 
advancing along the ſurface of the bar, 
the ſouth polarity of the end C, before it 
changes into a north polarity, muſt de- 
creaſe in ſtrength; and that when the 
magnet is at a certain point M, the end 
C has no polarity at all; its ſouth polarity 
being juſt vaniſhing, and the north pola- 
rity juſt beginning. With reſpe& to the 
extremity D, it muſt be obſerved, that 
its north polarity, by the approach of the 
magnet, is increaſed as far as a certain 
limit H; after which, as the magnet 
comes ſtill nearer to D, the north po- 
larity of this extremity decreaſes, till it 
vaniſhes when the magnet is arrived at 
a certain point N; after which its north 
polarity begins to be changed into a ſouth 
one, 

The points M and N have been called 
the peints of indifference; becauſe, when the 
magnet is at M, the extremity C of the 
bar has neither the ſouth nor the north 

"ES. polarity ; 
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| polarity ; and when the magnet is at N, 
the end D has no polarity. The point H 
has been called the culminaling point, be- 


cauſe, when the magnet is at that point, 


the polarity firſt acquired by the end D of 
the bar is the ſtrongeſt, 

As the determination of thoſe points, in 
bars of different ſorts. of iron, of different 
lengths, &c. not only ſhews more evi- 
dently the action of the magnet, and points 
out the advantages and diſadvantages at- 
tending the. practical methods of making 


„ 4. SH 


open the way to 9 diſcoveries ; there 


have been no pains ſpared to inveſtigate 
the particulats on which their fituatiofr 
depends, and a vaſt number of accurate 
experiments have been made for that pur- 


poſe; but, notwithſtanding thoſe endea- 


yours, ſuch is the various nature of mag- 
nets, of iron, &c. that the preſent know- 
ledge of the ſubje& does not allow thoſe 
points to be determined, in a given bar, 
without actual experiments. — The ge- 
neral laws which may be deduced from 
the various experiments made for this pur- 


ole, are the following : | 
2 1. The 


Me ff MM ry ry a, wes 


Laws or MAGNETISM, 89 


„ r n points M, H, and N do not 
come always in the order ſhewn by the 
| figure; but, though their order is not 
always the ſame, yet it is evident that 
the point I can never coincide. with, or 
come after N, vig. nearer to o the end D, 
than the point N. 
2. When the bei differ i in and far wy 
every thing elſe being the ſame, the longer 
the bar is (as far as a certain limit, which 
depends on the ſtrength of the magnet em- 
ployed) the greater is the diſtance C M. 

3. The ſtronger the magnet is, which 
is employed, the greater is the. diſtance. 
CM, as far as a certain limit, which de- 
pends upon, the proportion between, tho 
power of the magnet and the length of 
the bar; and beyond which limit C M. 
will be ſhorter than if a weaken magnet 
had been uſed, _ | 

4. When the bars differ 1 in length on- 
ly, every thing elſe being the ſame, the 
diſtance C H is greater in a longer than in 
a ſhorter bar, as far as a certain limit, 
which depends as has been mentioned , 
above,. 


5. The 
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F. The ſtronger the magnet is which is 


uſed, the greater is the diftance C H, as 


far as a certain limit, which depends as 
above. af Mi 
6. In a longer bar, every thing elſe be- 
ing the ſame, the diſtance C N is greater 
than in a ſhorter one, as far as a certain 
| Amit, 9 
7. The diſtance C N, in bars of equal 
length, is greater when. a ſtronger than 
when a weaker magnet is uſed, as far as a 
certain limit, &c. | 

8. When the bars differ only in thick- 
neſs, every thing elſe being the ſame, the 
diſtance C M is greater in thicker than in 
thinner bars; but the diſtance C N is near- 


ly the fame in them all, as far as a limit, 


which depends as above-mentioned. 


9. Laſtly, when the bars differ only in 


hardneſs, the diſtances CM, CH, CN, 
are ſometimes equal, ſometimes greater, 
and ſornetimes ſhorter, in the harder than 
in the ſofter bars . 


+ Befides the points of indifference and 
culmination, there is another point to be 


* See Van Swinden's Tentamina theoriæ mathema- 
tice de phænomenis magnelicis. | 
conſidered, 
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conſidered, namely, the magnetic cent, 
which is the point or part between the 
two poles, where the magnet has no at- 
traction nor repulſion. With reſpect to 
this point, I ſhall briefly obſerve, that it 
does not always lie midway between the 
two poles; and that, when one pole of a 
magnet. is drawn over the ſurface of an 
oblong piece of iron, as in the above- men- 


tioned experiment, the magnetic centre 


moves forwards in proportion as the mag- 
net is advanced ; but at a certain limit both 
the magnet and the ſaid centre are in the 
ſame place, or rather in oppoſite ſides of 
the thickneſs of the bar. The motion and 
place of the magnetic centre are ſubject to 
a great deal of variety, ariſing from the 
nature, length, and thickneſs of the bar, as 
well as from the ftrength of the magnet, 
and from the manner of drawing it along 
the ſurface of the iron or other ferrugi- 
nous body. 

When any magnet, but eſpecially an ob- 
long one, haying two poles, is broke in two, 
the magnetic centre of each part is at firſt 
generally much nearer that end of the piece 

9 | which 
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which is contiguous to the fracture; but 
in time it advances nearer the centre of 


the piece. 1 
What has been bee concerning ob- 


long pieces of iron or ſteel, may ſerve to 


explain the phenomena which take place 


in pieces of an irregular form; the parti- 


cular enumeration of all which caſes would 
be endleſs, and of little 1 at all of any 
uſe. 


gree of magnetic power ; ſo that if a ſtrong 
magnet be applied 'to a comparatively ſmall 
piece of ſteel, that piece, whilſt it remains 


within the influence of the magnet, will 


appear to be very powerfully magnetic; 
but as ſoon as it is removed from the vici- 
nity of 'the magnet, its power begins to 
decreaſe, and in a ſhort time comes down 
to that degree which the piece of ſteel is 
capable of, and which may be called 176 
point of ſaturation.” Hence it follows, that 


if a certain magnet is juſt ſufficient to com- 


municate to a piece of iron or ſteel the full 


Powe of magnetiſm, of which that piece 
is 


Every piece of iron or r ſerruginous bully 
| is capable of retaining only a certain de- 


tc 
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is capable, a ſtronger magnet will not in- 
creaſe it in the leaſt, 

It has been long diſputed, whether a piece 
of iron or ſteel was rendered heavier or 
lighter by being made magnetic; but, upon 
the whole, it ſeems that its weight is not 
affected by it *. 

As a piece of iron or ſteel, &. often 
acquires magnetiſm only by ſtanding in a 
proper ſituation ; ſo, on the contrary, 
magnets may loſe much or the whole of 
their power by being improperly ſituated ; 
for, the ſame action of the earth which tends 
to render them magnetic in the former, 
will endeavour to deſtroy it in the latter. 
The ſame thing muſt be underſtood of the 


* Gaſſendus, Merſennus, and Gilbert, maintain | 
that the weight of needles is not altered by being made 
magnetic. Mr. Whiſton ſays he found, by accurate 
experiments, that a piece of ſteel, weighing 4584 | 
grains, loſt 24 grains; and another, which weighed _ 
65726 grains, loſt 14 grains, by being made magnetic. 
With other perſons, magnetiſm. ſeems to have increaſed 
the weight of ſteel,—But it is very probable that the 
vicinity of iron, or of ſome other ferruginous body, 
might have had ſome action on the magnetic ſteel. 
WAS it was weighed. 


ſituation 
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fituation of magnets with reſpect to each 
other. Thus, if two magnets be placed ſo 
that their contrary poles may be contiguous 
to each other, they will preſerve one ano- 
ther's power; but if the north pole of one 
be placed near the north pole of the other, 
and the ſouth near the ſouth, then they 
will entirely deſtroy or diminiſheach other's. 
magnetiſm ; and if their original powers 
were very unequal, the polarity of the 
. weaker magnet will be changed by the 
action of the ſtronger one. 

In general, the ſame means, which faci- 
litate the communication of magnetiſm, 
when pieces of iron, &c. are properly ſitu- 
ated with reſpect to the poles of the earth, 
or of other magnets, will likewiſe facilitate 
the loſs of magnetiſm, when the magnets 
are improperly ſituated ; thus, a red heat 
deſtroys in a great meaſure, or entirely, 
the power of a magnet. A ſteel bar, 
ſtrongly magnetic, will have its pow- 
er mueh diminiſhed by being repeatedly 
ſtruck between two ſtones, eſpecially if it be 


ſtruck N in a direction perpendicu- 
£ | lat 
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lar to the magnetic meridian. A bar of 
pretty hard iron, which has acquired ſome 
degree of permanent magnetiſm, by being 
made red hot, and then cooled in the di- 
rection of the magnetical line, will have 
that power deſtroyed, or much diminiſhed, 
by a few ſmart blos on its middle. 

We ſhall now conclude this chapter with 
an enumeration of thoſe particulars which 
are principally neceſſary to be kept in view, 
in order to aſcertain the beſt method of 
conſtructing. artificial magnets; reſerving 
the practical inſtructions for the third 
Part. . | 

1. The nature of the body muſt be 
adapted to the power which is to render it 
magnetic; remembering, that the ſoft fer- 
ruginous bodies both acquire and loſe 
magnetiſm eaſier. than / thoſe. which. are 
harder. 

2. The ſhape of the bodies is to los con- 
ſidered next, experience ſhewing that ag 
oblong one is in general preferable to any 


other. In. caſt of ſteel bars, they ought to 


be quite hard, in order to acquire the great- 


eſt poſlible power, provided.one has mag- 


nets 
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nets ſufficiently ſtrong for the purpoſe j 
and if cylindrical, their diameters ought to 
be about th of their length; or if not 
cylindrical, their thickneſſes ought to be 
ſuch as nearly to equal the weight of 
the cylindrical bars of the ſame length, 
and the diameter of which may be about 
vrth of their lengths. 

3. Several magnets are much preferable 
to a ſingle one, for the purpoſe of commu- 
nicating magnetiſm; in the application of 
which, it muſt be remembered, that the 
ſouth pole of the magnet produces a north 
pole in the part of the ferruginous body to 
which it is applied, and that the north pole 
of the magnet produces a ſouth pole in 
the part, &c. 

4. If it were required to conſtruct a 
ſtrong magnet, when the operator has ei- 
ther no magnet at all, or a very weak one; 
he muſt proceed gradually. It being im- 
poſſible ſor a hard and large ſteel bar to 
receive any ſenſible degree of magnetiſm 
from the action of the earth, or of any other 
weak magnet, the operator muſt begin 

F . with 
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with giving magnetiſm to ſeveral ſmall 
and foft ſteel bars, impregnating one 
at a time by means of the weak magnet, 
or, if he have no magnet, by means of one 
or more iron rods properly ſituated, which 
in that caſe are real, though weak magnets. 
Then, by joining in a proper manner the 
ſmall ſteel bars already made magnetic, 
he may communicate a ſtronger power 
to larger and harder ſteel bars; which 
will be capable of impregnating bars 
{till larger; and ſo on. 
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CHAPTER VIII. 


Promiſcuous obſervations. 


H E directive power of a magnet is 
extended to a greater diſtance than 
its attractive power; for inſtance, if a 
magnet be freely ſuſpended, another mag- 
net, properly ſituated within a certain dif- 

H tance 
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tance of the former, will turn it out of its 


wonted direction; yet the degree of at- 


traction exerted by thoſe magnets againſt 
each other, is not ſenſible at that diſtance; 
which may be eaſily tried, by fixing one 
of the magnets to the ſcale of a ba- 
lance. The reaſon of this property is, 
that the directive power depends both upon 
the attraction of the poles of different 
names, and on the repulfion of thoſe of 
the ſame name; whereas the attraction 
takes place only between poles of diffe- 
rent names.—In order to render this ex- 
planation more intelligible, imagine that 
a magnetic needle is freely ſuſpended, and 
is placed within the influence or ſphere 
of action of a magnet. In this diſpoſition, 
ſuppoſe that the north pole of the mag- 
net attracts the ſouth pole of the magnetic 
needle with a force equal to ten grains; 
and, as the attraction between poles of dif- 
ferent names is nearly equal to the repul- 
ſion between poles of the fame name, it 
follows, that the ſame north pole of the 
magnet repels the north pole of the mag- 
netic needle with a force equal to ten 
grains: 

C4 


Laws or MAGNETISM. 99 


grains: but thoſe two forces both concur 
in altering. the direction of the needle ; 
therefore, the endeavour of the magnet, to 
turn the needle's direction, is equal to 20 
grains; whereas the attraction, or the 
force by which the needle is drawn to- 
wards the magnet, 1s only equal to the dif- 
ference between the two above-mentioned | 
oppoſite forces, which difference ariſes 
from the pole of the magnet being nearer 
to one than to the other of the poles of 
the needle. —The ſame reaſoning may be 
applied to the action between the ſouth . 
pole of the magnet and. the ſuſpended 
needle. 

It has been aſſerted by various authors, 
that if a ſhort bar of ſoft ſteel be repeat- 
edly ſtroked from end to end, in any ſitua- 
tion, by a ſufficiently long iron bar, like- 
wiſe kept in any ſituation, the ſteel bar 
will thereby acquire a conſiderable degree 
of magnetiſm : from which it might per- 
haps be inferred, that there is no neceſſity 
of deriving the origin of magnetiſm from 
the earth, But an accurate inveſtigation 
of this pretended fact has ſhewn, that the 
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ſteel bar- will not acquire magnetiſm in 
every ſituation. Indeed, as the bar of 
iron is rendered more or leſs magnetic by 


the earth in every ſituation, except that 


which is perpendicular to the magnetical 
line; in a random way of making the ex- 
periment, it is almoſt impoſſible to keep 
the bar ſo near that direction as to acquire 
no magnetiſm at all from the earth ; but 
if, in rubbing the fteel bar, the iron one be 
kept ina ſituation nearly perpendicular to 
that of the magnetical line, then the ſteel 
will acquire no magnetiſm at all. Beſides, 


when the iron bar is kept in any ſituation, 


the degree of magnetiſm which it commu- 
nicates to the bar is greater or leſs in pro- 
portion as the direCtion of the bar is nearer 
to or farther from that of the magnetical 
line; which proves, beyond a doubt, that 
the communicated magnetiſm ig originally 
derived from the earth, 

Thus far, relating to the laws of mag- 
netiſm, ſeems ſufficient to be inſerted in 
this Part of the preſent work; and though 


there are ſeveral other particulars neceſſary 


to be known, yet, as they either relate to 
Sz 11 55 the 
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the practical part, or cannot be eaſily un- 
derſtood without the deſcription of other 
experiments, ſo they will be inſerted in 
other places, which are more adapted to 
their reception. I ſhall, therefore, con- 
clude this Part with removing ſome 
wrong notions relating to magnetiſm, 
which have been introduced by i ignorance 


and impoſition. 

t The impoſtors, who are < alwave ready to 
: ſcize every opportunity of defrauding the 
o eeſt of mankind, and the ignorant, who are 
1 always fond of myſteries, have, from time 
Sy immemorial, attributed ſeveral extraordi- 
"> nary properties to the magnet, which are 
not only repugnant to reaſon, but are ac- 
0 


tually contradicted by all the experiments 
which have been made, and may be re- 
peated by intelligent and impartial per- 
ſons. 

It was formerly believed, that there 
exiſted ſeveral ſorts of magnets, ſome of 
which attracted gold, others attracted fleſh, 
&c. ; but even very lately it was believed, 
by ignorant people, that there was a white 
loadſtone, which had the property of at- 

H 3 tracting 
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tracting fleſh : the origin of which error 
is, that there are ſeveral minerals of an 
earthy kind, moſtly argillaceous, which ab- 
ſorb moiſture very faft ; in conſequence of 
which, if they be put upon the lips, they 
will adhere to it with ſome degree of 
. | 
A great deal of confuſion in the ſcience | 
of magnetiſm has been alſo occaſioned by 
the application of the word magnetiſm to 
other things, which had nothing to do 
with it. The chymical affinity between 
metals, has been called the magnetiſm of 
metals, by ſome old authors. The vibra- 
tion occaſioned by the ſound of muſical 
ſtrings or pipes, upon others which were 
tuned in concord to them, has been alſo 
called the magnetiſm of muſic. We hear 
_ likewiſe of the magnetiſm of aſtronomy, 
the magnetiim of water, &c. | 
But the greateſt abſurdities relating to the 
magnet are, ts pretended medicinal pro- 
perties. As late as the beginning of the 
laſt century, it was pretty commonly be- 
Jieved, that a plaiſter made with powdered 
loadſtone, when applied to wounds, would 
extract 
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extract iron, or even a knife, from the 
human body #.—lt was ſaid, that the chy- 


miſts could extract an oil of wonderful 


efficacy from the magnet, beſides ſeveral 
other preparations. Even at preſent it is 
not unuſual to find people who believe, 
that the application of the magnet cures 
the. tooth- ach, eaſes the pains of partu- 


rient women, diſperſes white ſwellings, 


&c.; and, on the contrary, that the wounds 
made with a knife, or other ſteel inſtru- 
ment, which has been an rubbed 
with a magnet, are mortal. 

Without detaining the reader any longer 
with the narration of more abſurdities, I 
ſhall only obſerve, that authentic facts 
prove none of thoſe pretended medicinal 
or poiſonous qualities in the magnet ; and, 
as magnetiſm does not affect the ſmell, 
the taſte, or any other ſenſe of the body, 
it is improbable, to the greateſt degree, 
that it ſhould have any effe& upon animal 


* Kircher, who was himſelf of the contrary opi- 
nion, relates ſeveral ſuch ſtories. See his work 4. 
arte magnetica, lib, iii, chap. ii. | 
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bodies. For though there are particles of 
iron in almoſt every part of an animal 
body, yet thoſe particles are ſo ſubdi- 
vided, calcined, and bear fo ſmall a pro- 
portion to the other clements, that, in a 
natural ſtate, the magnet has no action on 
es Ts OE 4 
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PART II. 


THEORY OF MAGNETISM. 
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HE attraction of the magnet, and 
very likely moſt of its other princi- 
pal properties, have been noticed and ad- 
mired from time immemorial; but the 
cauſe of thoſe ſurpriſing properties has 
eluded the moſt accurate reſearches of very 
able philoſophers, Various theories have 
been framed for their explanation, and many 
conjectures have been derived from other 
powers of nature, which were in ſome mea- 
ſure analogous to magnetiſm ; but there is 
a wide difference between matter of fact 
and the offspring of the imagination. The 
former is inveſtigated and acquired with 
labour, and rewards the induſtry of the 
ſearcher; the latter often ſhews the 


weakneſs 
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weakneſs of human underſtanding, and 
miſleads the blind follower. 5 
Nevertheleſs, the framing of hypotheſes 
in explanation of natural 8 has 
been of ſome uſe in philoſophy, ſince 
they have at leaſt promoted the experimen- 
tal enquiry, either for their ſupport or for 
their deſtruction; the diſtinguiſhing cha- 
racteriſties between a falſe hypotheſis, and a 
true, or very probable one, being, that by 
_ farther and farther examination, the ſuf- 
ficiency of the latter, in explaining the 
natural appearances, becomes conſtantly 
more evident, whereas the abſurdity of the 
former is rendered more manifeſt, It is 
. therefore uſeful, after having aſcertained a 
a number of facts or laws of nature, to at- 
tempt à theory for their explanation, eſ- 
pecially becauſe, when fuch theory, wiz. 
the real cauſe, is once eſtabliſhed, the appli- 
cation of its effects becomes more eaſy and 
general. But every enquirer into the opera- 
tions of nature ought to be ſeriouſly warn- 
ed againſt becoming too fond of any hy- 
potheſis, even when it ſeems to have the 
greateſt degree of probability. 


In 
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In conformity to thoſe obſervations, the 
reader muſt not expect to find, in this Part 
of the preſent work, a particular account of 
all, or even of the principal hypotheſes that 
have been publiſhed at different times by 
diver sauthors. I ſhall only mention, in 
brief, what ſcems to be more probable, 
or what may lead to a farther inveſtigation 
of the ſubject ; and muſt then refer thoſe, 
who are defirous of examining other 


' hypotheſes, to the various books written 
on e 


CHAPTER EY 
"Of tbe magnetiſm of the earth. 
\ 


HE hypotheſis of the earth's being 
a great magnet, from which the 
magnetiſm of the uſual magnets, the di- 
rection of the magnetic-needle, &c. muſt 


be derived, is evinced by ſo many obſerva- | 


tions, that there can hardly be a philoſo- 
6 pher 
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pher ſceptic enough to doubt of its truth, 
The principal reaſons which prove it, al- 
moſt to a demonſtration, are, firſt, that al- 
moſt all the phenomena which may be ex- 

hibited with a uſual magnet, may be alſo _ 

_ exhibited with the earth, as far as it may 
be tried; and, ſecondly, that vaſt maſſes of 
iron, or ferruginous ſubſtance, actually 
magnetic, are dug out of the carth almoſt 
in every part of it, 

The phenomena of the compath, and of 
the dipping-needle, in different parts of 
the world, and the magnetiſm naturally ac. 
quired by ſoft iron when properly ſituated, 
are exactly imitated by a common magnet 
or a terrella; but the only phenomenon, 
which has not been obſerved with reſpect 
to the earth, and which is the principal 
property of the uſual magnets, is the at- 
traction of a piece of iron, or other ferru- 
ginous ſubſtance. For inſtance, if a piece 
of iron be preſented to either of the poles of 
2 common magnet, it will be attracted 
powerfully by it; but if it be preſented to 
the middle of the magnet, the attraction 
wy be found to be hardly perceivable, or at 
leaſt 


Fo 
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leaſt incomparably . than at the 
poles; in conformity to which, it might 
be expected, that a piece of iron ſhould be 
attracted more powerfully downwards when 
near the poles of the earth than when near 
the equator, which attraction, being com- 
bined with the attraction of gravitation, 
ought to be known by the difference of the 
weights of the ſame piece of iron, when 
weighed near the poles, and when weighed 
near theequator ; for, if themagnetic attrac- 
tion of the earth upon it be at all ſenſible, it 
- ought to weigh more in the former caſe 
than in the latter. But this difference of 

weights has not yet been aſcertained ; 
however, if it were to be tried with all the 
accuracy neceſſary for ſo nice an experiment, 
I am inclined to think that it would be 
found to anſwer, viz. that the ſame picce 

of iron would be found to weigh ſomewhat 
more, in places nearer to the poles, than 
it does nearer to the equator; but even, 
in caſe no ſuch difference of weights 
were obſerved, it would be improper to 
infer that the earth does not exert any 
* attraction towards the iron on its 
ſurface, 
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ſurface, and that this attraction is not ſtron- 
ger near the poles than near the equator; 
becauſe, firſt, the magnetiſm of the earth 
being very weak, the difference of the at- 
traction in different places muſt be like- 
wiſe very ſmall, notwithſtanding the di- 
rective power is conſiderably ſtrong; for, 
as was explained in the preceding Part, 
the latter of thoſe powers extends to a 
much greater diſtance than the former. 
And, fecondly, it muſt be conſidered, 
that the equatorial diameter of the earth 
is longer than its polar diameter, and that 
the attraction of gravitation, or the weight 
of bodies, decreaſes in proportion to the 
ſquares of the diſtances from the centre of 
the earth; in conſequence of which, if 
we abſtract the magnetic attraction, and 
confider only the attraction of gravitation, 
it will appear, that the piece of iron 
muſt weigh more when weighed near the 
poles than when weighed near the equator; 
namely, becauſe, when near the poles, it 
ſtands actually nearer the centre of the 
earth than when near the equator. _ | | 
If the magnetic needle pointed always due 
north 
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north and ſouth, or always within a certain 
diſtance of thoſe points, it would ſhow 
that the earth has two fixed magnetic 
poles, either coinciding with its aſtronomi- 
cal poles, or at ſome diſtance from the 
ſame ; but the continual variation of the 
magnetic needle ſhows, that thoſe magne- 
tic poles of the earth move with re- 
ſpe& to the ſurface of the earth, and, on 
this account, many ſuppoſitions have been 
offered to the public by divers ingenious 
perſons. It was imagined, that there was 
a large magnet incloſed within the body 
of the earth, which being not fixed to the 
external part, moved with reſpe& to it, 
and, conſequently, occaſioned the variation 
of the needle; but in this caſe the va- 
riation ought to be regular, viz. it ought 
to move in all parts of the world, ſo as to 
anſwer to the two points of the large inter- 
nal magnet ; which, no is not the 
can.” + - 

In order to ſupply. the deficiency of 
this hypotheſis, it was farther imagined, 
that there were four magnetic poles with- 

| in 
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in the earth, which were moveable with 
reſpect to each other, and that, therefore, 
the variation of the needle ought to be 
derived from all their actions conjointly ; 
which would render the theory of the 
variation exceedingly intricate : but, not- 


W 


— 


withſtanding. this difficulty, a regularity, . 
within certain laws and limits, ought to 0 
be ſtill obſervable reſpecting the varia- . 
tion; but no ſuch regularity has been yet , 
proved. In, ſhort, without detaining my p 
reader any longer on this point, it will t 
ſuffice to ſay, that no theory yet offered x 
has been ſufficient to foretel, with cer- * 
tainty, the variation of the needle for any = 
future period of time, or for any place wi 
diſtant from thoſe in which obſervations Fr 
2 


have been frequently made. 
It is now proper to give a ſhort account 


of the principal variation charts that have 1 
been publiſhed, viz. that of Dr. Edmund = 
Halley, which was formed upon the ob- 2 
ſervations made in the beginning of the extre 
preſent century; and the other chart, form- merit 
ed by Meſſrs. Mountaine and Dodſon, 0 


. upon alle 
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upon the obſervations made in hy du | 
of the year 1756 *. 
The method uſed in the conſtruckion 13 
of thoſe charts is, to mark down with 
dots, on a general map of the world, all 
the places in which the declination of the 
magnetic needle has been aſcertained, and 
then to draw lines through thoſe points, 
obſerving to let the ſame line, whether 
crooked or ſtraight, paſs through all thoſe 
points or places in which the declination of 
the needle is the ſame ; thus, for inſtance, 
a line is drawn through all thoſe places 
in which the declination is 10 degrees weſt; 
another line is drawn through thoſe places 
where the declination is of another number 
of degrees, and ſo on; which are called 
lines of declination . It is evident, that 
* See the Phil. Tranſ. for the year 1757. 
+ Thoſe lines which paſs through the points where 
the north end of the needle declines to the eaſt of the. 
meridian of the place, are called lines of eaff declination z 
thoſe which paſs through the points where the north 
; extremity of the needle declines to. the weſt of the 
5 meridian, are called lines of weſf declination; and 
laſtly, thoſe lines which paſs through thoſe points 
. where the needle coincides with the mexidian, are 
N called lines of ns declination. 
8 I 
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in ſuch charts the variation of the mag 
netic needle, in many places, muſt be 
merely a matter of conjecture or gueſs ; 


and, though there is a kind of tendency 


of the lines of declination towards cer- 


tain principal points, yet that ſeeming re- 


gularity is ſubject to many exceptions, 
which render thoſe declination charts of 
no great uſe. TE. 

In Dr. Halley's an the line of: no 
declination-crofies the meridian of London 
at about the 5 5th degree of ſouth latitude, 
it then proceeds in an arched manner 
towards the weſt of the faid meridian, and 


increaſing its curvature as it advances up 


into the northern hemiſphere, terminates 
at Charles Town on the coaſt of * 
America. 

In the other of Mil 1 
charts, tlie line of no declination paſſes 
more weltward of the meridian of London, 
advances with a more irregular curvature, 
and terminates on the coaſt of Florida, at 
about the 39th degree of north latitude. 

The lines of eaſt variation. are on the 
conceve fide * the aboye-mentioned line, 

and 


te 
and the liner ef- 4velt"deffihation” are e on h 

its convex fide, advancing for a confider- 
able extent with nearly the fame curvature 


as the line of no declination: but, as you 


come on this fide of the tropie of Cancer, 
the lines of weft declination in both charts, 
are almoſt perpendicular to the meridians. 
In the Indian fea, and i in the ſea between | 
the illand of Madagaſcar and the ſouth 
pole, the declination lines ate conſiderably 
more irregular, ſo as to render it impoſſible 
to convey any diſtin idea of the ſame by 
writing: the reader, therefore, who is 
willing to examine this ſubje& much far- 
ther, may conſult the ſaid charts them- 
„ e ** 
There is one hd: remarkable to be 
obſerved in thoſe charts, which is, that 


the declination lines do never croſs each 
other. | 


In my opinion, it an thi the magnet- 
iſm of the earth ariſes from the magnetiſm 
of all the magnetic ſubſtances therein con- 
tzined, and intermixed with other bodies; 
that the magnetic poles of the earth may 
be confidered as the centres of the pola- 


9 | I 2 rities 
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rities of all the particular aggregates of 
the magnetic ſubſtances; and that thoſe 
principal poles muſt change place, rela- 
tively to the ſurface of the earth, accord- 
ing as the particular aggregates of mag- 
netic ſubſtances within the earth are in 
ſome manner or other altered, ſo as to 
have their power diminiſhed, increaſed, 
approached, or removed from the prin- 
cipal poles. But, as thoſe thoughts are 
moſtly depending on ſome experiments 
of mine, I ſhall defer ſaying any thing 
farther about them till after the account 
of thoſe experiments; which will be found 
in the fourth Part. | 

Though no regularity has been eſtab- 
liſhed with reſpect to the variation of the 
needle, yet, as the various ſituation of 
the magnetic poles within the earth occa- 


bons a great variety of appearances, and 
as the right underſtanding of thoſe varie- 


eties may be of great uſe to thoſe who 
wiſh to inveſtigate this intricate ſubject, 
the developement of which would be of 
vaſt uſe to mankind ; I ſhall now ſub- 
join the, \Principal. caſes, which ſeem poſe 

| fible, 


* 
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ſible, relating to the poſition of the mag- 
netic poles; imagining, as is moſt na- 
tural to ſuppoſe, that they 'are two, and 
that they lie on the ſurface of the earth. 
Theſe caſes are no more than four, vid . 
Cas I. If the magnetic poles of the 
earth had coincided with the true. poles 
thereof, there could have been no decli- 
nation or variation of the mariner's com- 
paſs in any part of the world (that is, if 
the earth be uniformly magnetical) ; for 
in that caſe the needle, in pointing to the 
magnetic poles, would always have point- 
ed to the true poles alſo; this needle 
would therefore be neceſſarily directed 
along the courſe of the meridian, or, in 
other words, it would have no declina- 
tion or variation either to the caſt or weſt 
thereof. 555 


CASE II. If the magnetic poles were 
ſituated in the ſame meridian, and in 
oppoſite parallels; upon that meridian 

* Theſe four caſes were drawn up by Dr. Lori- | 
mer, a gentleman of great knowledge in magnetics. 
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which paſſes through the magnetic and 


true poles, from the one of the magnetic 


poles to the other, and. upon che oppoſite 
meridian all along, there could be no de- 


clination, for the reaſon mentioned in the 
former Caſe. Likewiſe, upon the equa- 
tor there would be no declination; for 
though if one of the magnetic poles were 
only to act upon the needle, in paſſing 
long the equator to the diſtance of go 
e in longitude eaſt or weſt, the 10 
clination would increaſe, fa that at 90⁵ 

diſtance from the line of na declination 
it would be equal to the angle contained 
between the magnetic and true Poles; - 
yet, as the other magnetic pole, in this 
caſe, is always within the ſame diſtance of 
the needle, it will act upon the oppolite 
end of it with equal force, and conſe- 
quently will keep it parallel to itſelf all 
round the equator, ' But in going from 


the equator north or ſouth, the deelifia- 


tion would #ncreafe ſo as to be 186% on 
the little arches or ſpaces of the meri- 
dian contained between the true and the 
magnetic poles, which i is the greateſt poſ- 
ſible 
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ſible declination in all caſes whatſoever. 
It muſt be farther obſerved on this caſe, 
that the lines of no declination, including 
thoſe arches of 180, form two great cir» 
cles of the globe along the meridian and 
the equator, crofling one another at tight 
angles, and dividing the ſurface of this 
globe into four quarters, two in each ö 
hemiſphere, the one hemiſphere having 
weſt declination in the north and eaſt 
declination in the ſouth half thereof, and 
in the oppoſite hemiſphere it would be 
juſt the reverſe; ſo that each of the arches 
or ſemi- circles of no declination would 
have eaſt declination on the one ſide of 
them, and weſt declination on the other. 
The ſmall arches of 180% declination, 
which are between the true and magnetic 
poles, may be feckoned in all caſes as a 
part of the lines of no declination ; for 
there indeed the needle conforms itſelf to 
the meridian as well as in the other parts 
of the circle, though its ends are reverſed. 
In ſhort, as all the lines of declination do 
coincide and terminate in the magnetic 
and true poles, ſo theſe arches of 180 are 

I 4 a kind 
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a kind of limit, making with cach of 
- thoſe lines, as in the preſent cafe, a curve 
line or figure returning into itſelf ; which 
figures, from 180* between the poles, to 
o' declination upon the equator, do each 
of them include a ſpace larger than the 
other, till at laſt they fill up the whole 
quarter of the ſurface of the globe, and 
conform themſelves, as nearly as poſlible, 
to the ſhape and figure thereof. 850 
As a variety of this caſe, it may be add- 
ed, that the magnetic poles may be ſitu- 
ated in the fame meridian, but in pa- 
rallels which are not oppoſite. In that 
caſe the only alteration which could hap- 
pen is, that in the hemiſphere in which 
the magnetic and true poles are neareſt to 
each other, the figures formed by the lines 
of declination become ſmaller, and the 
correſponding figures in the oppoſite he- 
miſphere} larger. The line of no decli- 
nation, which, in this caſe, repreſents 
the equator, would alſo be proportionably 
nearer to thoſe poles which are neareſt to 
one another. | 


Cas 


— 
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CASE III. If the magnetic poles were 
fituated in oppoſite meridians, and in op- 
poſite parallels; upon thoſe meridians 
which paſs through the magnetic and true 
poles there could be no declination, for the 
reaſons. mentioned in the former Caſes. 
But upon the equator, eaſtward or weſt- 
ward, to the diſtance of go* in longitude, 
the declination would actually increaſe, ſo 
as there to be equal to the angle which- 
meaſures the diſtance between the true and 
the magnetic poles ; and from thence it 
would, in the ſame manner, decreaſe for. 
the other go* to the oppoſite meridian. 
The declination lines of 10%, 20, &c. as 
far as the greateſt declination upon the 
equator, in this caſe become arches or 
curves, which conform themſelves, as near- 
ly as may be, to the courſe and direction of 
the lines of no declination, and are called 
lines of the firſt order. But the lines of 
the greateſt equatorial declination croſs one 
another at the diſtance of go? in longitude- 
from the meridian or circle of no declina- - 
tion, ſomething in form like the letter X, 
or like two gothic arches joined at the 

FE vertex, 
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vertex. They are called lines of the ſe- 
cond order, and may very properly be con- 
ſidered as the boundary between the lines 
of the firſt and third order, as the lines of 
no declination are always boundaries be- 
tween the lines of caſt and weſt declination. 


In this caſe; thoſe lines of no declination, 


including the arches of 180%, form only one 
great circle along the meridian, dividing 
the ſurface of this globe into two hemi- 
ſpheres, in the ont of which there is 
eaſt declination, and in the other weſt 
declination. 

From the greateſt 3 Jeclinotion 
to the arches of 1807, the declination lines 
of the third order are curves returning 
into themſelves, and in ſhape nearly re- 
ſembling parabolas erected mo thoſe ar- 
ches of 180%. | 

As a variety of this ks it may be added, 
that if the magnetic poles were fituated in 
oppoſite meridians, but in parallels which 
are not oppoſite, then, in that hemiſphere 
in which the true and the magnetic poles 
approached-neareſt to one another, the fi- 
gure formed by the lines of declination 
would 
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would be ſmaller, and in the oppoſi te he- 
miſphere the correſponding figures would 
be larger in proportion. 


1 IV. This caſe is 2 very 5 570 
one, vis, When. the magnetic poles are ſi- 
tuated neither in the fame nor in oppoſite 
meridians; ; and this ſeems to have been 
the real poſition of thoſe poles ever ſince 
any obſervations of the declination of. the 
magnetic=needle have been made. 

In this Caſe, then, the lines of no declina. 
tion cannot be either in the direction of a 
meridian or along the equator, as in the 
former Caſe, but in a kind of curves, which 
are variouſly inclined to both; and they di- 
vide the ſurface of the globe into two parts, 
but theſe parts are not hemiſpheres, as in 
the laſt Caſe, for they may be of a very dif- 
ferent extent. If the magnetic poles be 
ſituated in meridians nearly oppoſite, the 
curvature of thoſe lines will not be ſo great, 
that is, they become more like to Caſe III. 
But as the magnetic poles approach nearer 
to the ſame meridian, the curvature of the 
lines of no declination becomes greater, 
till they almoſt touch one another, ſome- 

| thing 
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thing in form like the figure of the num- 0 
ber 8, and at laſt they complete the two J 
great circles, as in Caſe II. The lines of 8 
the ſecond order, which correſpond to the h 
greateſt equatorial declination, if the mag- * 
netic poles be ſituated in meridians nearly Bl © 
oppoſite, have a declination nearly equal to be 
the angle formed between the magnetic and le: 
true poles, as in Caſe III; butas the magne- of 
tic poles approach towards the ſame meri- be 
dian, this declination decreaſes, till at laſt che 
it entirely vaniſhes, as in Cafe II. Theother ſur 
declination lines in this Caſe are fo ſimilar i * 
atio 


to the former, that they require only to be ; 
referred to ĩt. Laſtly, it muſt be obſerved, bis 
that, whether the magnetic poles be ſi- ritie 
tuated in oppoſite parallels or not, makes 
as little difference in this as in the former 
Caſe. cots : dal 


HFitherto the magnetic poles have been ray 
conſidered to lie on the ſurface of the wher 
globe; but if we attentively conſider the cited 
ſituation which they may more likely have, great 
it will appear, that in all probability they Kai 

atur, 


are not ſituated near the ſurface of this 
globe, but at ſome depth below it ; at leaſt NC & 
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| this muſt be the caſe with the ſouth 
pole; for, ſince the water of the ſea is in- 
capable of magnetiſm, and the ſouthern 
hemiſphere, eſpecially about the ſouth pole, 
contains a vaſt deal more ſea than land; it 
is plain that the ſouth magnetic-pole muſt 
be ſituated at leaſt near the bottom of the 
ſea; in conſequence of which, the variation 
of the needle in that hemiſphere muſt 
| be different from what it would be if 
the magnetic pole were fituated on the 
ſurface of the terraqueous globe. The ſame 
may be obſerved with reſpect to the ſitu- 
ve WY tion of the north magnetic pole. Beſides 
g. bis, we muſt alſo conſider the irregula- 
ties ariſing from the unequal and irregu- 
lar ſituation of land and ſea; it being na- 
tural to conceive, that large tracts of land 


ner on one fide of the magnetic needle, will 
„draw it away from the real meridian, 

cen 

the whereas a large ocean can produce no ſuch 
the Neffect.— This, however, is ſubject to a 


great deal of variety, ariſing from the na- 
they Nute of the land, the depth of the ſea, the 
this Nature of the ground at the bottom of the 
leaſt NE, &c. It appears, therefore, that a 


this many 
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many cauſes combine to act upon the 
magnetic needle, occafioning it to decline 
from the true meridian, and that it is almoſt I 
impoſſible to form a uſeful theory upon it. 
However, as this is a ſubje& of vaſt impor- 


tance to mankind, principally for the im- . 


provement of navigation, I am far from 


meaning to diſcourage its being properly 


examined; but only think it neceſſary to 
put all the apparent difficulties before the 
eye of the reſolute adventurer in this field 
of intricate and difficult inveſtigation. 


CHAPTER II. 
Analogy between magnetiſm and elefricity. 


NES the knowledge of mankind 


relative to electricity, comprehen- 

ded only the property of amber, and of 
few other bodies, which, after being rub- 
bed, attract ſmall bodies, this attraction 
was hardly 2 from that of mag- 
3 netiſm; 
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ity. 
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rub- 
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mag· 
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netiſm; and in fact old books often deſcribe 
the above-mentioned property of amber, 
under the appellation;of the magnetiſm of 
amber. The madern ſcientific improve- 
ments, eſpecially thoſe made within this cen- 
tury, have ſhewn, that electricity and mag; 
netiſm are two different powers of nature, 
which are quite diſtinct from each other; 
but, at the ſame time, it muſt be confeſſed, 
that there is a ſurpriſing analogy between 
them; and, as it is by following the ſimi- 
larity between tvro ſubjects, that diſcove- 
ries are often made in philoſophy, it ſeems 
neceſſary in this place to point out the par- 
ticulars in which magnetiſm and electrici- 
ty reſemble each other, and likewiſe thoſe 
in which they more eſſentially differ. 

That power which philoſophers call 
electricity, is of two ſorts, namely, the 
po/itive and the negative electricity. It is 
an invariable law in electricity, that bodies 
poſſeſſed of. the fame fort of electricity 
repel each other, wheteas thoſe which are 
poſſeſſed of a] Nc attract 
each e [8, elan 


Thus 
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'Thus, in magnetics, there is a north and 
a ſouth pole; thoſe parts of magnetic 
bodies which are poſſeſſed of the fame 
polarity repel each other; but thoſe which 
are poſſeſſed of different polarities attract 
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each other. 

5 In electricity, whenever a body in a na- i 

= tural ſtate is brought within the ſphere of ; 
. action of an electrified body, it becomes it- 

1 ſelf electrified, and poſſeſſed of the contrary P 

* electricity, after which an attraction takes a 

N place; ſo that in truth there is no electric 5 

iN attraction but between bodies poſſeſſed of 

4 different electricities: for inſtance, if a 

piece of paper be brought ſufficiently near s 

a glaſs tube, electrified poſitively, the paper ir | 

will acquire the negative electricity, and 4 

will then be attracted by the tube; but if . 

the paper be ſo circumſtanced as not to have 4 | 

it in its power to acquire that negative elec- A 

tricity, then no attraction will take place. 3 


| Thus a ferruginous ſubſtance, which is leaf 
brought within the ſphere of action of 2 of 1 
magnet, cannot be attracted by either pole | 
of the magnet, unleſs it acquires firſt a 


contrary polarity. | 
One 
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One ſort of electricity cannot be produ- 
ced by itſelf, but is always accompanied 
by the other; thus, if a glaſs tube be 


electrified poſitively on its external ſurface, 
a negative electricity muſt exiſt, either on 


its internal ſurface, or on the air contigu- 
ous to the tube. | 


In the ſame manner, the two magnetic 


poles are always together ; nor was there a 
piece of ferruginous ſubſtance ever produ- 


ced, which had one polarity and not the 
other. 

The electric virtue can be i and 
confined by certain bodies, like glaſs, am- 
ber, reſins, and others, called electrics; but 


it eaſily pervades other ſubſtances, called 
conduffors, or non-eleftrics. 


The magnetic virtue is retained by fer- 


ruginous ſubſtances, eſpecially thoſe of a 
hard nature, like hard ſteel, and the mag- 


net: but it pervades eaſily, and without the 


leaſt perceivable impediment, all other ſorts 
of ſubſtances. 


On the other hand, the magnetic power 


differs from the electric, firſt, in its not af- 

fecting our ſenſes with any light, ſmell, taſte, 

or _— whereas the electricſpark, ſhock, 
| K _ ſmell, 
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remarked, that an electrified body loſes part 
of its power, when in electrifying another 


it comes within a certain diſtance of the 
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ſmell, and taſte, are known to every perſon 
converſant in electric experiments. Se- 
condly; magnetiſm attracts only iron, or 
thoſe bodies which contain that metal in 
ſome ſtate or other, whereas, the electric 
power attracts bodies of every ſort. Third- 
ly; the electric virtue reſides on the furface 
of eleQrified bodies; whereas the magne- 
tic is quite internal. Laſtly; a magnet 
loſes nothing of its power by magnetizing 
other ſubſtances; but an electrified body 
loſes part of its electricity by electrifying 
other ſubſtances. Here, however, muſt be 


body touches it, and that body acquires 
then the fame ſort of electricity; but when 
that other body is electrified by being only 
brought within the ſphere of action of the 
former, in which caſe, it acquires the con- 
trary electricity, then the former body 
loſes nothing of its power ; for inſtance, 
ſuppoſe that a body A poſſeſſes a certaio 
quantity of poſitive electricity, and that 
another body B, in a natural ſtate, be gradu- 
ally brought near A; then the body B, when 


electrified 
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electtified body A, acquires à negative 
electricity, which negative electricity takes 
away nothing of the power of the body 
A; but if the two bodies come very near, 
ſo as to touch, or as that the electricity of 
the body A may leap from it to the other, 
then the body B will become electrified po- 
ſitively, and A loſes thereby part of its 
power. — Indeed, if it be duly conſidered, 
this laſt caſe does not ſeem ever to take 
place with magnetiſm ; for bodies appear 
to be rendered magnetic merely by the ac- 
tion of their ſpheres of activity, or by that 
power which enables magnets to act at 
* ſome diſtance from their own bodies; and 
8 therefore we may juſtly ſay, that electrified 
en and magnetic bodies agree in this, vis. 
that they loſe nothing of their power, when 
other bodies are electrified or rendered 
magnetic in virtue of their ſpheres of ac- 
tivity. 

1 other points of analogy, or 1 
difference, between magnetiſm and electri- 
city, will, perhaps, occur to thoſe perſons 
who examine both ſubjects; but if they 
be wtentively conſidered, I think they will 

| | K 2 be 


43 
** 
* t 
90 
— 
* 
* 
x4 
* 
* 
ol 
* 
1 
x5 
"Ta 
4 
A 
8 
= 
4 
LEY, 
4 
* 
6 
” 
" 
. 
4 
0 
9 
& 
4 
9 
«01 
A) 
"ol 
Yo 
= 
1 
+ 
$1 (@ 
LE 
M7 
T * 
1 
. 
pe, 


* 
| 
£3 
15 

* 
i 
3 


i 


” _— » _— 


Ea rr, 
12 
— 


> 


* 
2 * 

5 

— 


12 


132 Tuxoxy or MadNETISM. 


be found to be comprehended in thoſe 
which have been enumerated above. 


0 


CHAPTER III. 
of ao hypotheſis of: the magnetic fluid. 


H E great deſideratum in magnetics 

is, to know the cauſe which, in a 
magnet, of whatever ſort it may be, pro- 
duces the attraction, repulſion, and other 
magnetic phenomena. It is really ſur- 
priſing to obſerve, that, by the mere con- 
tact, or even by the vicinity of a magnet, 
a piece of ſteel, &c. acquires ſeveral ex- 

a traordinary properties, which it afterwards * 
retains obſtinately, and that without hav- 01 
ing its weight, ſhape, colour, or hardneſs al- 
tered i in any ſenſible degree, and without the pa 


F 


appearance of any ſubſtance being commu- an 
nicated to it by the magnet, which ſub- tic 
ſtance is either perceived by our ſenſes, or ing 
at all hindered by the NI of _ 
known body. 


Human imagination, ever ready to ſup- 
ply the Oy: 85 real knowledge, 
has 


Turonv of MAGNETISM. 133 
has offered abundance of hypotheſes; but 
their inſufficiency to explain the various 
phenomena of magnetiſm, renders them 
moſtly improbable, and often evidently 
abſurd. Some have imagined, that the 
pores of ferruginous bodies are full of 
valves, which permit the paſſage of the 
magnetic fluid in one direction, but pre- 
vent its return backwards. Others have 
imagined, that there is a perpetual cireu- 


lation of a certain fluid from one pole to 


the other of every magnet; and of courſe, 
that on the earth, which is a great magnet, 


there is likewiſe a perpetual circulation of 


this magnetic fluid from the regions adja- 
cent to one pole to thoſe . to the 
other. N 
Without detaining my reader with the 
particular account, and confutation of thoſe 
and other hypotheſes, I ſhall only take no- 


tice of the hypotheſis propoſed by the 


ingenious Aepinus, which, though la- 


bouring under ſeveral objections, ſeems 
| however to be the moſt plauſible®,. 


Fog Tentamen theoriæ eleQricitatis et magetſi 


auctore F. V. T. Aepino, chap. i. & iii, 


K 3 From 
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From the analogy of the eſtabliſhed or 
more common hypotheſis of electricity, 
which goes under the name of Dr. Frank- 
lin's, Mr. Aepinus is led to imagine, that 
there exiſts a fluid productive of all the 
magnetic phenomena, and conſequently to 
be called abe magnetic Suid; that this fluid 
is ſo very ſubtile as to penetrate the pores 
of all bodies; and that it is of an elaſtic 
nature, vir. that its particles are IG 
of each othe. 

He farther. ſuppoſes, that there is 2 
mutual attraction between the magnetic 
fluid and iron, or other ferruginous bodies; 
but that all other ſubſtances have no 
action with, this fluid 2 they neither at- 
_— nor repelling each other, ] 
Nile then obſerves, that there is a great 
. deal. of reſemblance between ferruginous 
bodies and electrics, or non - conductors of 
electricity; for the magnetic fluid paſſcs 
with difficulty through the pores of the 
former, as well as the electric fluid paſles 
with difficulty through the. pores of the 
Jatter, However, there 1 is not a body that 
has ; uy action on the magnerie fluid, and 


fri. 1 > is, 
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is, at the ſame time, analogous to non- 
electrics; for inſtance, there is no body, 
the particles of which attract the magne- 


tic fiuid; and yet this fluid can pervade | 


its pores without any obſtruction. In iron, 
indeed, a kind of gradation of this fort 


ſcems to take place; for the ſofter the 


iron is, the more freely does the magnetic 
fluid pervade its pores, and, on the con- 
trary, the harder it is, the greater oppo- 
ſition it offers to the free paſſage of that 
fluid; ſo that the iron, when ſoft, ſeems 
to be more analogous to men _ 
when —_— & 


* 


According to this hypotheſis, iron, an 


all ferruginous ſubſtances, contain a quan- 
tity of magnetic fluid, which is equably diſ- 
perſed through their ſubſtance, when thoſe 


bodies arenot magnetic; in which ſtate they 


ſhe w no attraction nor repulfionagainſteach 


other, becauſe the repulſion between the 
particles of the magnetic fluid is balanced 


by the attraction between the matter of 


thoſe bodies and the faid fluid, in which 
caſe thoſe bodies are ſaid to be i in a na- 
tural ſtate ; but when, in a ferruginous 
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body, the quantity of magnetic fluid be- 


longing to it is driven to one end, then 
the body becomes magnetic, one extremity 


of it being now overcharged with mag- 


netic fluid, and the other extremity, un- 
dercharged. Bodies thus conſtituted, viz, 


rendered magnetic, exert a repulſion be. 


tween their overcharged extremities, in 
virtue of the repulſion between the parti- 
cles of that exceſꝭ of magnetic fluid; which 


is more than overbalanced by the attrac- 


tion of their matter. There is an attraction 
exerted between the overcharged extre- 
mity of one magnetic body, and the 
undercharged extremity of the other, 
on account of the attraction between that 
fluid and the matter of the body ; but 
to explain the repulſion, which takes 
place between their undercharged extre- 
mities, we muſt either imagine that the 
matter of ferruginous bodies, when de- 
prived of its magnetic fluid, muſt be re- 
pulſive of its own particles, or that the 
undercharged extremities appear to repel 
each other only becauſe either of them 
attracts the oppoſite overcharged extre- 

mities z 
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mities; both which ſuppoſitions are em- | 


barraſſed with difficulties. 
A ferruginous body, see is ren- 


dered magnetic by having the equable 
diffuſion of magnetic fluid throughout its 


ſubſtance diſturbed, ſo as to have an over- 
plus of it in one or more parts, and a de- 
ficiency of it in one or more other parts; 
and it remains magnetic as long as its im- 


permeability prevents the reſtoration of 


the balance between the overcharged 


and undercharged parts. Moreover, the 
piece of iron is rendered magnetic by the 


vicinity of a magnet, becauſe, when the 
overcharged part or pole of the mag» 
net is preſented to it, the overplus of 
magnetic fluid in that pole, repels the 
magnetic fluid away from the neareſt 
extremity of the iron, which therefore 
becomes undercharged, or poſſeſſed of 
the contrary polarity, to the moſt re- 


mote part of the iron; which conſe. 
quently becomes overcharged, or poſſeſſ- 


cd of the ſame polarity as the preſented 
pole of the magnet. When the piece 


of iron is rendered magnetic by preſent- 


ing 
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ing to it the undercharged extremity or 
pole of the magnet, then the part of the 
iron which 4s neareſt to it, becomes over. 
Charged, &. becauſe that part of the mag - 
net, being deprived of its magnetic fluid, 
attracts the magnetic fluid of the iron to 
that extremity of the iron which lies near» 
eſt to itſelf, | 

In conſequence of which it appears, thas 
in order to give magnetiſm to a body, as 
a piece of ſteel, the ſtrength of the mag» 
net employed muſt be ſuch as to overcome 
the refiſtance, which the ſubſtance of the 
Keel makes againſt the free paſſage of the 
magnetic fluid; hence, a piece of ſoft ſteel 
is rendered magnetic more caſily than a 
hard one; hence, a ſtronger magnet will 
render magnetic ſuch ferruginous bodies as 
other ſmaller ene have 08 ne 
upon. 

The action of two magnets upon * 
other is likewiſe eaſily explained by this 
hypotheſis. When two equal magnets op- 
poſe their contrary poles to each other, they 
thereby preſerve and ſtrengthen their pow- 
er; but when the homologous poles of 


I two 


TI. a4 CW) . 7 


two magnets are placed near, then, if the 


equal, they will only diminiſh each other's 
magnetic power; but if they be unequal 
in power or other quality, as the hardneſs, 
ſhape, &c, then the weakeſt will have its 
power diminiſhed, deſtroyed, or changed, 
in proportion to its ſoftneſs, weakneſs of 
magnetiſm, and other circumſtances, which 
will eafily occur to the intelligent rea- 
der, 
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| ſtrength and quality of thaſe magnets be 
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PRACTICAL MAGNETISM, _ 


"0 


HE object of this Part of the 
_ preſent work is, to deſcribe thofe 
experiments which are neceſſary to prove 
the laws of magnetiſm mentioned in the 
firſt Part ; and alſo, to deſcribe thoſe in- 
ſtruments which are neceſſary for the uſes 
to which magnetiſm is ſubſervient, In 
this deſcription, both of experiments and 
of inſtruments, I ſhall principally infiſt 
upon thoſe particulars, which, being of a 
general nature, may ſerve as fixt points to 
guide the ingenious experimenter in the 
contrivance of more perfect inſtruments, 


and in the performance of the neceſſary 
experiments by the moſt eaſy means, it 
: being 
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being very well known, that, to be obliged 
to procure a particular inſtrument for al- 
moſt every experiment, which is moſtly the 


caſe with beginners, when complicated and 


formal apparatuſſes are deſcribed, conſi- 


derably nd. the To of uſeful 
wes 2p 


CHAPTER I. 
Deſcription of the magnetical inſlruments. 


F we colle& under one point of view 
the magnetic properties, it will be 


found that they may be comprehended un- 
der two general claſſes, namely, the action 


of the magnet upon unmagnetic ferruginous 
bodies, and the action of one magnet upon 
another. The firſt conſiſts only in com- 
municating the magnetic power; the 
ſecond comprehends the attraction and 
repulſion, a conſequence of which is the 
directive property, viz. the compaſs and 
dipping _ eee the principal 
a inſtruments 
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inſtruments -in-magnetics are, a few mag- 
nets or magnetie bats, a magnetic needle 


for the magnet's horizontal direction, and 
the needle, to ee the inclina- 


. 

If one do not want to 5 he: "ou nice react 
particular, a common horſe-ſhoe artificial 
magnet, which coſts very little, and a few 
ſewing- needles, will ſhew ſeveral experi- 
ments; but perſons who wiſh to be more 
exact, and to make improvements in the 
ſubject, ought to be provided with a 
good ſet of artificial magnets, which uſu- 
ally conſiſts of fix bars, a few ſmall mag» 
netic needles, a pretty large needle in a 
proper box with a graduated circle, and a 
dipping needle; to which may be added, 
ſome pieces of fteel wire, two or three 
bars of ſoft iron, and a few other things 
af no great expence, but very uſeful for va- 
rious experiments. 

In this chapter I ſhall deſcribe 8 the 
Gitre principal inſtruments, viz. the bars, 
the needles, and dipping needle, the. reſt 
being mentioned occafionally in the de- 


. the experiments. 
| The 
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The magnetic bars are generally ſix in 

number, and they ought to be made of 
the beſt ſteel, and left quite hard; but, 
however, there is not a characłeriſtic yet 


known, by which the ſteel, capable of 


acquiring the greateſt magnetic power, 


may be diſtinguiſhed, It will be proper, 
therefore, to try the ſteel previouſly to 
uſing it for the conſtruction of the bars. 
For which purpoſe, take a piece of it, 
about three inches long, and about a 
quarter of an inch in thickneſs (no 
matter whether round or ſquare), make 


it red hot, and in that ſtate plunge it in 


cold water, which hardens it ſo that a 
file will not touch it. This done, apply 
two powerful magnetic bars to its ex- 
tremities ; keep them in that ſituation for 
about a minute, taking care to let the north 
pole of one of the magnetic bars touch 


one extremity of the piece of ſteel, and 


the ſouth pole of the other bar touch 
the oppoſite extremity of the ſteel : then 
try whether the piece of ſteel will hold 


ſuſpended a key or other piece of iron that 
may be at hand. Thus, by trying ſeveral 
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pieces of ſteel of different ſorts, and by 


treating them all alike, you will eaſily 
perceive which is capable of lifting the 
greateſt weight of iron, and, conſequently, 


that ſort of ſteel is the fitteſt for the con- 
ſtruction of the bars. | 


The dimenſions of. thoſe bars ought. to 


"wk a certain proportion, otherwiſe they 


will not be capable of a very great power. 


The moſt advantageous ſhape is when the 


length is about ten times the breadth, 
and about twenty times the thickneſs; ſo 
that if they be five inches long, which is 
the moſt uſual length, they ought to be 
about half an inch broad, and about a 
quarter of an inch in diameter.— The 
cylindrical bars are not very conveniently 
managed. 

Some is: have deſcribed particular 
methods of hardening ſuch bars, viz. by 
plunging them, when red hot, in diffe- 
rent liquors. It has been confidently aſ- 
ſerted, that to put them, when red-hot, 
in a mixture-of ſcraped horn and common 
Flt is very advantageous ; but, upon the 
whole, ſimple cold water ſeems to be equal 
to any other ſubſtance. 


It 
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It is immaterial whether thoſe bars be 


poliſhed or not; but it will be better to 
poliſh them; in that ſtate being leſs apt to 
contract ruſt. One extremity of each bar 
is generally marked with a line all round, 
in order to diſtinguiſh one pole from the 
other, and the marked end is uſually 
made the north pole. 

To each ſet of bars there always belong 
two pieces of ſoft iron, called /upports, each 
of which is equal to the ſize of half one of 
the bars, ſo that, when placed contiguous to 
one another in one direction, they may be 
equal to one of the bars. Theſe pieces 
of iron are uſeful when ſome other ferru + 
ginous bodies are to be rendered magnetic, 
or when the ſame ſet of bars is to be TROY” 

ned in power. | 

When the magnetic bars are * . 
her, they muſt be placedalternately with the 
marked end of one contiguous to the un- 
marked end of the next; as. ſhewn in 
12.4,—The method of rendering thoſe bars 
magnetic will be found in a ſubſequent 
hapter. 

The conſtruQion of bs compaſs or mag- 


* netic 


"Op ly to the bottom. The inconvenienct 
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_ netic needle has u ndergone a great variety, 
and almoſt every conſtruction has ſome 
peculiar advantages. The ſimpleſt mag- 
netic needle is a common ſewing- needle 
made magnetic, and either ſuſpended by 
means of a thread tied to its middle, or by 
laying it gently on the ſurface of water 
kept in a veſſel; for if the needle be ſmall, 
it will ſwim upon the ſurface of the wa- 
ter, notwithſtanding its ſpecific gravity is 
greater than that of water; there being 
kind of repulſion between water and ſteel 
when clean ; or perhaps the air may con- 
tribute to it. If any part of the needl: 
happens to get a little below the ſurface of 
the water, then the needle goes immediate- 


attending the firſt of the above-mentionel 
ſuſpenſions, is the ſtiffneſs of the thread, 
even of the fineſt ſort, which prevents 55 
the free motion of the needle. The prin- 
cipal inconveniences attending the ſecond 
are, the needle's generally going toward 
the ſides of the veſſel, and its going to tit 
bottom on the leaſt agitation ; which hos 
ever may be prevented by a piece of 3 
882 1 
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The more general, and by far the beſt ſort 
of ſuſpenſion for magnetic needles, is to 
let them reſt horizontally with their mid- 
dles upon ſharp- pointed wires ſet up per- 
pendicularly in a box or other ſupport. The 
needle for this purpoſe muſt have a conical 
cavity in its middle, the apex of which 
may be above the centre of the needle ; fo 
that when the needle is laid upon the wire, 
the point of which muſt be in the apex of 
the conical cavity, its centre of gravity 


3 may be below that point of ſuſpenſion; _ 
otherwiſe the needle would fall off very 
edle | | 

| caſily. . 
* In order to anſwer this purpoſe, th 
= needles are generally pierced quite through 
© with a largiſh hole, a piece of hammered 
N braſs is then rivetted into this hole, and the 
. conical cavity is made into the braſs, ſo 
_ Wl that the apex of it may ſtand very little 
PW above the upper ſurface of the needle, as at 
ſecond 


A, fig. 5 of plate I. In this conſtruction, 
the point of the wire B, the very top of 
which is often made of hard ſteel, whil{t 
the lower part is of braſs, bears againſt 
Th the braſs, and, notwithſtanding that the 
L 2 braſs 
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braſs be hardened, yet by continual rubbing 
a ſmall indenture, or irregular hole, &c. is 
often made therein, which occaſions a con- 
fiderable obſtruction to the free motion of 
the needle ; to obviate which, in the beſt 
needles a piece of agate is ſet in the upper 
part of the braſs, and the apex of the co- 
nical cavity is made in that hard ſtone, 
which renders the motion of the needle 
very free and eaſy. The needles thus con- 
ſtructed, are ſaid to be furniſhed with an 
- agate cap, and the beſt compaſſes made for 
the ſea have this fort of cap *. Fig. 6. 
of plate I. ſhews a ſection of this —_ cap 
in the braſs, &c. 
As a very little cregularity, in the ſhape 
of a piece of ſteel is often productive of 


The compaſſes for the ſea-ſervice formerly, and 
ſome even at preſent, are made in the following 
improper manner :—the braſs cap is faſtened to the 
middle of a circular card, upon which the varion 
points of the horizon, as the eaſt, weſt, &c. ar 
marked; and on the under part two pieces of magne- 
tic ſteel are ſtuck faſt to it, ſo as to lie parallel, and 
to Rand about half an inch diſtant from one another, 
the pin upon which the whole is ſuſpended paſſin; 
between them, K 


mor? 
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more than two magnetic poles, or an im- 
proper ſituation of the two poles, which 
muſt be always aveided; ſome perſons, 
having objection to the perforation made 
through the needles, have thought of other 
ſuſpenſions, in which the perforation 
might be avoided; the beſt of which propo- 
ſals is ſhewn in fig. 7. of plate I. where 
the magnetic needle A B is faſtened to a 


piece of braſs C E D, properly bent: in 


the middle of it, vix. at g, there is a ſmall 
conical cavity, where an agate cap maylike- 
wiſe be applied. In order to ſuſpend this 
needle, a bar F H, fig. 8. is made faſt to the 
box K L, in the middle of which bar is a 
pointed pin I, upon which the cavity of the 
piece of braſs that is faſtened to the needle, 
reſts ; the needle A B moving below the 
croſs-bar F H, and this croſs-bar. paſſing 
between the needle and the piece of braſs 
that is faſtened to it, viz. through g of 
fig. 7,—It is evident, that the needle, in 
this conſtruction, cannot turn quite round; 
conſequently, this ſort of ſuſpenſion is not 
fit for the uſe of veſſels at ſea. 


12 The 
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The Chineſe method of ſuſpending the 
magnetic needle is exceedingly ingenious, 
The figures 9 and 10 of plate I. repreſent 
this needle very nearly of its real ſize, and 
in two points of view, vig. in the former 
the eye of the obſerver is in the direction 
of the needle; but in the latter, the eye 
views the needle ſide way *. I is a braſs cap, 
very thin and light, and towards the edge of 
it there are two holes, oppoſite to each other. 
B B is a very ſlender flip of braſs, the 
upper part of which at A is ſhaped like 
a ring, through which the needle C D 
paſſes. The extremities. of this flip of 
braſs paſs through the holes in the edge 
of the cap I, and are faſtened to it by 
being turned over its edge. 'The magne- 
tic needle C D, conſiſts of a cylindrical 
ſteel wire, about an inch long, and not 
above a fortieth of an inch in diameter; 
and, in order to diſtinguiſh its north extre- 


mity, half of it is painted red, and the other 


* Theſe drawings were made from ſome Chineſe 
compaſſes, brought from China by Dr, James Lind, 
2a phyſician at Windſor. The needles in them aie 
very nearly all of a fize, viz. about an inch long. 


half 
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half is black. All this is ſupported by the 
pin E, which is faſtened to the bottom 
of the box, and upon which it moves 
very nimbly. In this conſtruction, not- 
withſtanding the needle is above the 
centre of ſuſpenſion, yet the centre of 
gravity of all the three pieces that are 
connected together, is below the point of 
ſuſpenſion, otherwiſe it could not be ſup- 
ported. To prevent the needle falling. off, 
when the compaſs, by being carried about, 
is turned top-ſide down, there is faſtened 
to the box a plate of very thin braſs, a ſec- 


tion of which is ſhewn by FG; it has a 


hole through the middle, which, being 
ſmaller than the diameter of the aperture 
of the braſs cap, prevents its receding too 
much from the point of the wire E, and 
alſo prevents its falling ſideway. 

From repeated experiments, it appears, 
that the perforation through the magne- 
tic needle is of no detriment, or at leaſt not 
ſufficient to occaſion any multiplicity of 


| Poles, or to prevent the needle's due direc- 


tion, Its external ſhape is. to be more 
minded, the irregularities of it being by 
far more detrimental. The little ſwelling 

L 4 generally 
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generally made about its middle, in order to 


give it ſtrength juſt where the perfora- 


tion otherwiſe weakens it, does no damage, 
provided it be as repreſented in fig. 11. of 
plate I. and not made with points, edges, 

or other irregularities, for the ſake of orna- 
ment. The magnetic needles, made for the 
beſt compaſſes uſed at ſea, are conſiderably 
broad, and a ſlender braſs ring is faſtened to 
their extremities, upon which the card or 
paper, with the points of the horizon 
marked upon it, is ſtretched. But the great 
objection againſt broad needles is, that the 


two poles are frequently not in its axis. 


It would be therefore more proper to make 
them rather thick than broad; becauſe, if 
in this caſe their poles happen to be not in 
its axis, but one be at D, fig. 12. plate I, 


whilſt the other is at A, they cannot affect 


the direction of the needle, being, if not 
in its axis, atleaſt in the ſame plane with it, 
The moſt cligible ſhape, therefore, ſeems 
to be that ſhewn by the figures 11 and 12, 


which exhibit two views of the ſame mag 


netic needle, b | 
The length of the needles commonly 
uſed for the ſea, is between four and fix 
| inches; 
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inches; but thoſe which are to be uſed for 
obſerving the daily variation, called varia- 
tion needles, are made longer, ſome of them 
having been made of more than two feet 
in length, in order to render their devia- 
tion from the meridian more ſenſible. 
However, in the preſent improved ſtate. 
of conſtructing philoſophical inſtruments, 
if the work be properly done, a needle of 
about eight inches length will ſhew the va- 
riation within much leſs than half a mi- 
nute. | 

Having thus far deforibad the e 
ſorts of ſuſpenſions, I ſhall now enumerate 
the particulars which muſt be had in view 
in the conſtruction of magnetic needles; 
and ſhall then proceed to deſcribe the prin- 
cipal ſorts of magnetic compaſſes. | 

The magnetic needles ought to be made 
of that ſort of ſteel which is the moſt 
ſuſceptible of magnetiſm ; and they ought 
to be quite hard, to retain the magnetic 
power longer *, 


The more common needles are improperly brought 
down to a blue temper ; for though in that ſtate they 
acquire the magnetiſm much eaſier, yet . for the 
lame reaſon, loſe it much eaſier. 

The 
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The ſhape ought to be as ſimple as poſ- 
ſible, or free from projections and other ir- 
regularities, made by way of ornaments. In 
ſhort, they ought to be conſtructed ſo as 
to have only two magnetic poles, and thoſe 
in that ſame plane which pales through the 
centre of ſuſpenſion *. 

They ſhould alſo be made as light as 
poſſible, in order to diminiſh the friction 
on the point of ſuſpenſion; which, even 
when the needles are furniſhed with agate 
caps, occaſions ſome obſtruction againſt 
their motion. 

The agate caps muſt alſo be made pro- 
perly, viz. their cavity ought to be per- 
fectly conical; which, after having examined 
ſeveral of them, I can aſſert to be ſeldom 
the caſe; and indeed it is very difficult to 


»The hardening of a piece of ſteel in general, by 
the uſual method of plunging it, when red-hot, in cold 
water, frequently alters the ſhape of it by bending it 
eſpecially when the piece of ſteel is of an oblong form; 
for which reaſon, in forming the magnetic needles, 
they ought to be left by the file ſomewhat larger than 
neceſſary; becauſe, after the hardening, they may be 
brought to the proper ſize and ſhape by grinding on a 
Turkey-ſtone, 

"0: - ſhape 
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ſhape them properly, on account of the | 
| hardneſs of the ſtone. 

The magnetic needles, though petfeblly 
balanced before the magnetiſm is commu- 
nicated to them, will afterwards incline 
one of their extremities, on account of the 
dipping property of every magnet; and, in 
order to make them ſtand horizontally, the 
other extremity is loaded with a little 
weight, or the preponderating extremity 
muſt be made lighter by grinding; the lat- 
ter of which is a very improper way,” be- 
cauſe, by altering the inclination, which 
happens eſpecially when the needle is re- 
moved from place to place, its horizon- 
tal poſition is ſoon deſtroyed, in which 
caſe it will be neceſſary to grind one end off 
again, 

For this reaſon it is alſo 1 improper to 
apply a fixed weight to one end of the nee- 
dle, which is ſometimes done by pier- 
cing a hole through the ſteel, and putting 
a piece of braſs wire in it, ſo as to project a 
little on either fide of the needle. The beſt 
way, therefore, of adding this weight, is 
to put a ſliding piece of braſs on the prepon- 

| derating 
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derating extremity of the needle; for, by ſli- 
ding this piece of braſs nearer to or farther 
from the centre of the needle, the weight of 
that extremity is eaſily altered n re- 
quired. | 

The principal ſorts of magnetic PA 
ſes are four, viz. the magnetic needle, 
fimply ſuſpendeſ in a box; the mariner's 
compaſs, or tha iſed at ſea; the azimuth 
compaſs, or tha high 1 is uſed principally 
at ſea in order to find the declination, of the 
needle at any place *; and the variation 
compaſs, which, being fixed in a convenient 
place on land, ſerves to ſhew the _w_ vari- 
ation. 

The firſt of thoſe ſpecies requires no far- 
ther deſcription, than what may be * 
from the preceding pages. | 

The ſecond, or mariner's compaſs, con- 
ſiſts of three parts, v/z. the box, the card or 
fly, and the needle ; ſee fig. 13. of plate I. 


This is called the azimuth compaſs, becauſe it 
ſerves to find the variation by obſerving the azimuth 
of a celeſtial object ; the azimuth being an arch of the 
horizon, contained between the north or ſouth and the 
point where a plane, which paſſes through the zenith 
and the celeſtial object, cuts the horizon. 


The 
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The box, which contains the card and nee- 
dle, is made of a circular form, and either 


of wood or braſs, It is ſuſpended within 
a ſquare wooden box, by means of two 
| concentric circles, called jzmbols, ſo fixed 


by croſs centres to the two boxes, that the 
inner one, or compaſs box, ſhall retain an 
horizontal poſition in all motions of thè 
ſhip, whilſt the outer or ſquare box is faſt 
with reſpect to the veſſel . The compaſs 
box is covered with a pane of glaſs, in order 


that the motion of the card may not be diſ- 
turbed by the wind. Reſpecting the con- 


ſtruction of the needle, enough has been ſaid 


in the preceding pages; there remains only 


to deſcribe the card or fly. The outer edge 
of this card is divided into 360 degrees; 


within the circle of which diviſions it is 


divided again into 32 equal parts or arches, 
called the points of the compaſs, or rbumbs; 
which rhumbs are ſubdivided into quar- 


ters. 


Sometimes the jimbols conſiſt of one eircle, the 
axes of which are ſupported by the ſquare box, whillt 
the axes of the compaſs box are juſt acroſs the for- 

mer. 


The 
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The names of thoſe rhumbs, beginning 


from the north point, and going 


- 


all round, 


-are the following : the letters ſtanding N. 
for north; E. for caſt; S. for ſouth; and W. 


for weſt. 
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Shewing the 1. e which every rhumb, and every 


quarter of a rhumb, makes with the meridian. 
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Notwithſtanding the contrivance of the 


jimbols, the irregular motion of the com- 
paſs in a rough ſea is, as yet, a conſider- 
able imperfection attending the uſe of it 
in veſſels. This inconvenience has been 
attempted to be remedied by various 


means, ſome of which are abſolutely 


wrong, whilſt others have very little 
effect. The leaſt ſkilled fort of ſeamen 
don't like to have the needle of their 
compaſs too powerfully magnetic, be- 
cauſe, they ſay, then the needle is not 
ſteady. The fact is, that when the needle 
is not very ſtrongly magnetic, it follows 
the irregularity of the ſhip's motion more 
caſily, which renders it apparently more 
ſteady ; but it muſt be conſidered, that the 
very ſame cauſe which makes it follow the 
irregular motion of the ſhip more eaſily, 
prevents, in an equal proportion, its pla- 
_ cing itſelf in the magnetic meridian; con- 
ſequently, this ſort cf remedy is a very 
improper one. With the ſame degree of 
impropriety, the correction of this ob- 
ſtruction has been often attempted, by in- 
creaſing the friction between the cap of 


the 
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the needle and the pointed wire 7 98 
which it ſtands ſhſpended. 
Sometimes they have ſtuck a few pieces 
of paper, like wings, on the under fide of 


the card, which, by making a reſiſtance 


againſt the air in the box, prevented the 
vibrations of the needle. For this pur- 
poſe, it has alſo been propoſed to let the 
needle move in oil or ſome other liquor, 
keeping it fill ſuſpended upon the pin as 
uſual, in order to let it move concentric 
with the box; the oil ſerving only to Gann 
its vibrations. 

Laſtly ; it has been practiſed to ſuſpend | 
the box, which contains the needle, upon 
a pointed wire inſtead of the jimbols. For 
which purpoſe, the bottom of the box has 
been made conical, like the bottoms of 
common wine bottles; the apex of which 
cone reſted upon the pointed wire, and 
the convex fide of the ſaid apex, or that 
part of it which came within the box, ſup- 
ported the needle : but, upon enquiry, I am 
told, that at ſea none of thoſe contrivances 
anſwer better than the compaſs ſupported 

M in 
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in jimbols, and conſtructed with the pre- 
cautions mentioned above. 
The azimuth compaſs is nothing r more 
than the forementioned compaſs ; to which 
two fights are adapted, through which the 
ſun is to be ſeen; in order to find its azi- 
muth, and from thence aſcertain the de- 
clination of the magnetic needle, in the 
manner hereafter to be ſhewn. This ſort of 
compaſs is repreſented by fig. 14. The par- 
ticulars in which it differs from the uſual 
compaſs are the following: v:z. the ſights 
F,G, in one of which G there is an oblong 
aperture with a perpendicular thread or 
wire through it ; and in the other fight F 
there is a narrow lit, likewiſe perpendi- 
cular ; the thread or wire H I, ſtretched 
from one edge of the box to the other; 
and laſtly, the ring A B of the jimbols 
_ reſts with its pivots on the ſemicircle CD, 


the foot E of which turns in a ſocket, - 


ſo that, whilſt the box K L. M is kept 
ſteady, the, compaſs may be turned round, 
in order to place the ſights F G in the 
direction of the ſun; There are on the 
| inſide 
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inſide of the box two lines, which fall 
perpendicularly along the ſides of the box, 
juſt from the points where the thread 
H I touches the edge of the box. Theſe 
lines ſerve to ſhew how many degrees 
the north or ſouth pole of the needle 
is diſtant from the azimuth of the ſun; 
for which reaſon, the middle of the 
aperture of the ſights F and G, the thread 
H I, and the ſaid lines, muſt be exactly in 
the ſame vertical plane. The uſe of the 
thread, which is often omitted in inſtru- 
ments of this ſort, is likewiſe to ſhew 
the degrees between the magnetic meri- 
dian and the azimuth, when the eye of 
the obſerver, ſtands perpendicularly over 
it, Op the ſide of the box of this ſort 
of compaſſes, there is generally a nut 
or ſtop, which, when puſhed, bears 
againſt the card and ſtops it; which is 
done in order to read more conveniently 
the degree of the card which ' coincides 
with one of the perpendicular lines on the 

inſide of the box, 
The variation compaſs, being intended 
to ſhew the daily variation of the mag- 
M2 netic 
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netic needle on land, is generally made 

| longer than thoſe uſed at ſea; and, as it 
is not neceſſary to turn it round, the 
box, inſtead of being circular, is oblong, 
ſo that, when the box is kept ſteady, the 
needle can move itſelf for the fpace of 
about 40 or 50 degrees, The divided ar- 
ches are either within the box, or upon an 
horizontal frame ont of the box ; and then 
the compaſs is faſtened on the index, which 
raoves round the centre of the divided arch 
or arches, and on the edge of which there i 
a nonius, neceſſary to ſhew the parts of the 
degrees. In this laſt conſtruction, the 
index, which, as has been juſt mention- 
ed, carries the 'compaſs, muſt be moved 
ſo as to let its fiducial line coincide with 
the line which paſſes through the poles 
and centre of ſuſpenſion of the needle: 
then the extremity of the index will 
point out the variation, on the divided 
arch, in degrees and minutes. But when the 
divided arches are within the box, then 
the variation is known by only obſerving 
the diviſions, which coincide ang: oe axis 
of the * | r 


In 
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In both conſtructions, it is evident, that 
the beginning of the diviſions of the di- 
vided arch or arches muſt be placed ex- 


actly in the meridian of the place, or its 


deviation from the meridian muſt be ac- 


curately known, in order that, in reading 


the degrees of magnetic variation, a pro- 
per allowance may be made. 

Thoſe compaſſes are fixed in the las 
of the meridian, by looking at a meridian 
mark made at ſome diſtance, through a 
teleſcope which is generally affixed. to 
them; or by ſituating them on a meridian 
line drawn in the place where they are to 
be fixed, But for the method of finding 
the true meridian of any place, the reader 
muſt be referred to aſtronomical books, it 
being an object foreign from the aides 
of this work. 

After what has been ſaid in the 3 
ing pages, it is almoſt ſuperfluous to ob- 
ſerve, that in the conſtruction as well as 
in the fituation of the compaſſes, iron 
muſt be kept at a diſtance as much as poſli- 
ble ; making the parts of thoſe inſtruments 
* of wood, or, Where wood cannot 

Mz | be 
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be properly employed, on account of the 
diviſions, ſtrength of the parts, &c. to 
make uſe of ſuch braſs, as, upon examina- 
tion, is found not to affect the magnetic 


needle. 


The dipping needle, though of late 
vaſtly improved, is ſtill far from having 
attained to any perfection. The general 
way of conſtructing it is, to paſs an axis 
quite through the needle; to let the ex- 
tremities of this axis, like the beam of a 
pair of ſcales, reſt upon two ſupports, 
ſo that the needle may move itſelf verti- 
cally round that axis; hence, when ſituated 
in the magnetic meridian, it will place 
Itſelf in the magnetic line, and the de- 
grees of its inclination are ſhewn upon a 
divided circle, in the centre of which the 
needle is ſuſpended. —Fig. 15. is a repre- 
ſentation of this inſtrument; A B being 
the needle, the axis of which F E reſts 
upon the middle of the two lateral bars 
OD, C D, which are made faſt to the di- 
vided circle E F. This machine is ge- 
nerally placed upon a ſtand G; but when 
It 1s to be uſed at 1 is ſuſpended by 


a ring 
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a ring H'to a proper frame, ſo as to hang 
perpendicularly. When the inſtrument is 
furniſhed with a ſtand, a ſpirit level is ge- 
nerally annexed to it, and the ſtand has 
three ſcrews, .by which the inſtrument is. 
properly ſituated, viz. ſo as to let the 
centre of motion of the needle, and the 
mark of go* on the lower part of the 
divided circle, be exactly in the ſame line, 
perpendicular to the horizon. 

The greateſt imperfections of chis in- 
ſtrument are, the balancing of the needle, 
and the difficulty of knowing whether 
the needle, after being made magnetic, is 
balanced or not; for, though it may have 
been perfectly balanced before, (which is 


e- aſcertained by its remaining in whatever 
: ſituation it may be left) yet afterwards, 

ne by the adheſion of moiſture or other ex- 

e traneous matter, it may eaſily loſe its ba- 
18 | lance, which cannot be known with cer- 
ts tainty after being made magnetic. 

rs The method which ſeems the fitteſt to 

li- avoid the error ariſing from the want of 

e- balance, is, firſt to obſerve the dip of the 

en needle, then to reverſe its magnetiſm, by the 


by 2 N application 
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application "of magnets, ſo that the end 
of it which before was elevated above the 
horizon may now be below it; and laſtly, 
to obſerve 'its dip again; for a mean of 


the two obſervations will be 'pretty near 
the truth, though the needle may not be 


perfectly balanced. But of this more in 


a ſubſequent chapter. | 

I ſhall now add the deſcription of an 
univerſal magnetic needle ; viz. a magne- 
tic needle which ſhews at the ſame time 


the horizontal and vertical direction of the 


magnet, or, more properly ſpeaking, places 


itfelf in the magnetical line; whereas 


the dipping needle, deſcribed before, muſt 
be placed in the magnetic meridian. This 
univerſal needle was contrived by Dr. 


Lorimer, and a deſcription thereof pub- 


. liſhed in the firſt part of the 65th vol. 
of the Phil. Tranſ.; from whence it is 
tranſcribed. 


« Deſcription of « a new dipping a ty 


Dr. J. Lorimer, ix à letter to Sir John 


Pringle, Bart. P. R. S. 15 
„ Whenever any one meets with a 
. Zerrella, or ſpherical loadſtone, the firſt 


* „ 


wry DI — _ ! 1 e 3 8 3 


k. As | x...” 


immediately how any ſmall bit of needle 
will be affected, if it is placed upon any 
part of the ſurface of that terrella. The 
poles are moſt readily diſcovered by trying 
where the filings of iron, or a ſmall bit of 


needle, will ſtand ere& upon the zerrella ; 


and this is generally found to be upon two 
points which are diametrically oppoſite to 
one another. But the magnetic poles of 
the earth ſeem to be placed obliquely to 
one another (ſee the Berlin Memoirs, 


1757) ; though where they are actually 


ſituated is hitherto unknown; whether 
they are upon land or water; or, in either 


caſe, whether we can come nigh to them. 


Yet be theſe things as they may, it appears 


evident to me, that accurate obſervations, 
made as near to thoſe magnetic poles as 
poſſible, with a good dipping needle, is 
the ſureſt way to complete the magnetic 
theory of this globe, analogous to the 
method we purſue in examining the ter- 
rella, But, as all the dipping needles 
hich I have ſeen, appeared to me to be 


very 
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thing he does is to find out its poles; and, 
having once diſcovered them, he. knows 
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very ill calculated, for the ſea ſervice at 
leaſt, I contrived one upon a different 
plan, in 1764, and had it executed before 
I left England, by Mr. Siſſon. I have 
called it an aniverſal magnetic needle, or 
obſervation compaſs ; becauſe I can by it 
take the dip and amplitude, and even the 
azimuth, with only one aſſiſtant to take 
the altitude for me. The needle is of the 
ſame ſhape and fize nearly as thoſe ufed 
now for the compaſſes of the royal navy, 
and plays vertically upon its own axis, 
which has two conical points, ſlightly 
ſupported in two correſponding ſockets, 
which are inſerted into the oppoſite fides 
of a ſmall upright braſs parallelogram, 
- about one inch and a half broad, and fix 
inches high. Into this parallelogram is 
fixed, at right angles, a ſlender braſs cir- 
cle, about ſix inches diameter, ſilvered 
and- graduated to every half degree, upon 
which the needle ſhews the dip, by a ver- 
nier if you chooſe; and this, for the fake 
of diſtinction, I ſhall call the circle of 
magnetic inclination. This braſs paral- 
lelogram, and conſequently the circle of 

inclination, 
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inclination, alſo turns horizontally upon 
two other pivots, the one above, and the 


other below, with correſponding ſockets 
in the parallelogram. Theſe pivots are 


fixed in a vertical braſs circle, of the 
breadth and thickneſs of two tenths of an 


inch, and of ſuch a diameter, as to allow 
the circle of inclination and the parallelo- 
gram to move freely round within it. 


This ſecond circle I ſhall call the general 
meridian. It is not graduated, but has a 
ſmall braſs weight fixed to the lower part 
of it, to keep it upright ; and the circle 
itſelf is ſcrewed, at right angles, into ano- 


ther circle, of equal internal diameter, of 


the ſame thickneſs, and twice the breadth, 
which is filvered, and graduated on the 
upper fide to every half degree. It re- 
preſents the horizon as it ſwings freely 
upon jimbols, and is always nearly pa- 


rallel to it. The whole is contained in a 
neat mahogany box, of an octagon figure, 


with a glaſs plate af top, and one on each 
ſide, for about two thirds down. That 
part of the frame which contains the glaſs 
lifts off occaſionally. The whole box 


turns 
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turns round upon a ſtrong braſs centre, 
fixed in a double plate of mahogany, 
glewed together croſs ways, to prevent 
its warping or ſplitting ; and this again is 
ſupported by three braſs feet, ſuch as are 
uſed for caſes of table knives ; froſted that 
they may not eaſily ſlip, if the veſſel ſhould- 
have any conſiderable motion. It has 

another ſquare deal box to lock it up in, 
to preſerve the glaſs, &c. when it is not 
wanted for uſe. 

« The uſe of this inſtrument is very 
plain, as the inclination or dip'is at any 
time apparent from inſpection only; and 
alſo the variation, if the frame is turned 
round till the great vertical circle lies ex- 
actly in the plane of the true meridian: 
for, the circle of inclination being always 
in the needle's vertical plane, the edge of 
it will evidently point out upon the hori- 
zon the variation eaſt or weſt. But at ſea, 
when there is not too much motion, you 
turn the frame round till the vertical cir- 
cle is in the plane of the ſun's rays ; that 
is, till the ſhadow of the one ſide of it 
juſt covers the other, and the edge of the 

circle 
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eitcle of inclination will then give the 
magnetic amplitude, if the ſun. is riſing 
or ſetting; but the azimuth at all other 
times of the day ; and, the true amplitude 
or azimuth being found in the uſual way, 
the difference is the variation, If the 
motion is confiderable, obſerve the ex- 
tremes of the vibration, and take the 
mean for your magnetic. amplitude- or 
azimuth. When the ſun does not ſhine 
ſo bright as to give a ſhadow, you can 
ſet the braſs circle in a line with his body, 
if he is at all viſible, by your eye. The 
principal advantage at firſt aimed at in this 
compaſs was, to contrive a dipping needle, 
which ſhould be ſufficient for making 
obſervations at ſea; as thoſe needles, to 
be of uſe, muſt be placed, by ſome means 
or other, in ſuch a manner, as that all 
their vibrations ſhall be made in the true 
magnetic meridian, north and ſouth, other- 
wiſe they are good for nothing. For if 
one of them is placed at right angles, 
acroſs the magnetic line, it will ſtand 
perpendicularly up and down, in any part 
of the world; the leaſt dip, therefore, is 

alway 
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always in this magnetic line. But the 
only method of ſetting a dipping needle 

at ſea has hitherto been to place it in a 

line with the common: compaſs - needle ; 

and this muſt be very inaccurate, if they 

' are at any conſiderable diſtance one from 

the other; or if they were near, the two 
needles would influence one another, and 

neither of them could be true: nay, ſup- 
poſing them for once to be properly pla- 
ced in this line, the leaſt motion of the 
ſnip throws them out again. But this 
inſtrument has a conſtant power in itſelf, 
not only of ſetting itſelf in the proper 
poſition, but alſo of keeping itſelf ſo; or 
of reſtoring itſelf to the ſame ſituation, if 
at any time it has loſt it; and it is curious 
to ſee how, by its double motion, it coun- 
teracts, as it were, the rolling motion of 
the veſſel. I have only one thing farther 
to obſerve, that, as it is impoſſible for 
human hands to make any inſtrument ma- 
thematically true, ſo, when we have two 
graduations to look to, as in the preſent 
caſe, one on the north, and the other on 
un ſouth end of the needle, we ought to 
n | attend 
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attend to both, and take the medium for 
the true dip or variation, pretty nearly. 
But in this compaſs there is another me- 


a good artificial magnet, and on the out- 
ſide of the compaſs box point one end of 
it towards the needle, and by moving your 
magnet , you may thus guide the north- 
end of the needle round the ſouth, or 
vice verſa, without opening your compaſs 
box. The magnet being then laid aſide, 
the needle will come to its true poſition, 
after a few vibrations: but, as both the 
needle and- the circle of inclination are 
now reverſed *, it will not point exactly 
to the ſame diviſion as before; yet a mean 


believe, as it is poſſible for any inſtrument 
to give it, 


Query 1ſt. May not a part of this 
ſmall difference be attributed to the direc- 


and circle of inclination half way round horizon- 
tally, ſo that that end of the axis of the needle, which 
before pointed to the weſt, ſhall now point to the 
eaſt, . . | 
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thod of examining the obſervations. Take 


of the two will be the truth, as nearly, * 


7 Lorimer means, that the magnet ſhould be | 
applied in ſuch manner as to turn the parallelogram 


tion 
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tion of the magnetic influence (whatever 


| that be) in the ſteel bar? and, if ſuch an 


experiment could be tried upon the pre- 


ſent azimuth compaſſes, is it not probable, 


that the variation in them would be at 
leaſt as ſenſible? Query ad. May not 
this be the cauſe that two of the beſt of 
them will differ a ſmall matter from one an- 
other ? Query 3d. Would the ends of the 
needle being made angular, inſtead of the 
ſquare form, be, in ſome meaſure, a re- 
| . for this ſmall variation? 

J am, gc. Wd 


The bent -objetion, which ſeems to of- 
fer itſelf againſt the above-deſcribed in- 
ſtrument, is the friction, which, eſpecially 
at the pivots of the circle of inclination, 
may obſtruct the free motion of the nee- 
dle.—lt certainly requires a moſt exqui- 
fite workmanſhip; and the ſockets wherein 
the pivots move ought to be made of 


agate. 


CHATP- 


CHAPTER II. 


ſence and quality of magnetiſm. 


this Chapter is to ſhew the me- 
thods of finding out whether or no a 
body is attractible by the magnet, whe- 
ther it poſſeſſes any magnetiſm or not, and, 
in caſe it does, to find out its poles, 


"oh 


 ExyeerIMENT I. 


1 
\'s 


tion towards the magnet or not, 


The various degrees of attraction be- 
tween a magnet and ferruginous bodies, 
require different methods, in order to be 
rendered manifeſt. 

If the given body contain an . 
quantity of iron, the operator needs only 


bring an artificial or real magnet in con- 


tact with it, and he will ſoon perceive 
that there requires a certain force to ſe= 


F | N - paüarate 
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Experiments neceſſary to aſcertain the pre- 


HE object of the experiments _ 


To aſcertain whether a body has any attras- 
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parate them again ; the quantity of which 
force ſhews the degree of attraction be- 
tween the given body and the magnet: 
thus, when two. ounces weight are re- 
quired to ſeparate them, the attraction is 
as ſtrong again as when one ounce only is 
ſufficient. . In this examination, care muſt 


be had to let the magnet and body exa- 

' mined always, preſent fimilar ſurfaces to ˖ 
each other, and to come quite into contact; 

other wiſe, in examining different bodies, it 1 
will be impoſſible to compare their va- A 
rious degrees of attraction towards the ſame by 
magnet. pt 


If the given body be not fenfibly at- 
tracted by. the magnet, when tried in the 
above-mentioned. way ; then it muſt be 
put to ſwim upon ſome water kept in an 
earthen or wooden veſſel, by means of 2 gi. 
piece of cork or wood; for if in that 
ſituation the magnet be brought fideway WM the 
of it, the attraction will be ſoon manifeſt- the 
ed by the body coming towards the mag- 
net. It will be neceflary ſometimes to 
bring the magnet within about one tenth 
of an inch diſtance of the ſwimming body, 


in 


in order to perceive the attraction; in 
which caſe, as the body advances towards 


drawn, taking care not to let them ſtrike 


impulſe, the body, if hard, will generally 
recede. It muſt be alſo obſerved, to pre- 
ſent the magnet to the body, when the lat - 
ter is at reſt, | 
A ftill ſmaller degree of attraction, than 
what may be obſerved by the uſe of water, 


preſenting the magnet to it, in which caſe 
it will move ſurprifingly nimble. 

In this method, the following par- 
ticulars muſt be minded, via. the aper- 
ture of the veſſel, in which the quick- 
filver is kept, muſt be at leaſt fix inches 
in diameter ; otherwiſe, as the ſurface of 
the quickfilver deſcends near the ſides of 


mag” tionably greater in narrow veſſels than in 
es to larger ones, the floating body, when the 
ten I quickfilver is kept in à veſſel of three 
or four inches, will be perpetually run- 
8 - Ns os 
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the magnet, this muſt be gradually with- 


againſt each other; otherwiſe, after the 


may be diſcovered, by placing the given 
body to ſwim upon quickfilver, and by 


the veſſel, and that curvature is propor- 


| 2 * p of af TW by 
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ter. The air about it muſt not be diſturb- 
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ning towards the ſides “. The quick- 
filver muſt be very pure; but, as it is 
very difficult to find it, or to preſerve it 
pure, it muſt be frequently paſſed through 
a funnel of paper, viz. a piece of writing 
paper rolled up conically, and having a 
{mall aperture of about a fortieth of an 
inch in diameter; for, if the quickſilver 
be impure, the floating body will move 
with leſs facility upon it than upon wa- 


ed much, in order to keep the body with- 
out motion, in which ſtate one of the poles 
of a ſtrong magnet is to be preſented on 
one fide of it, in the ſame manner as when 
the experiment is tried on water; follows 
ing the ſame precautions. | 


EXPERIMENT II. 


To aſcertain whether a given body has any 
magnetiſm or not. 


This experiment requires exactly the 
ſame operations as the firſt, with only this 
difference, viz. that in this the given body, 


* A common ſoup plate is very fit for this purpoſe. 
in 


in 
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in caſe it has not magnetiſm ſufficient to 
ſhe w itſelf by a ſenſible degree of attraction. 

when a piece of iron is preſented to it, muſt 
be placed to ſwim upon water or quickſil- 
ver ; and, inſtead of the magnet, as uſed in 
the firſt experiment, a piece of ſoft and 
clean iron muſt be approached to it, with 


the ſame precautions ; for, if the body have 


any magnetiſm, it will be ſoon attracted by 
the piece of iron, which, for this experi- 
ment, muſt not be very long nor very 
heavy; a piece of about half an ounce 
weight, and nearly an inch long, 1 is very 
proper for the purpoſe. 


| EXPERIMENT III. 


A magnetic body being given, to find out its 
_ 


Preſent the various parts of the ſurface 
of the magnetic body ſucceſſively to one 
of the poles of a magnetic needle, and 
you will ſoon diſcover which parts of the 
given body are poſſeſſed of a contrary pola- 
rity, by the needle's ſtanding perpendicu- 

N 3 larly 
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larly towards them. Then preſent the varl- 
ous parts of the ſurface of the ſame body to 
the other pole of the needle, &c, 
In this operation, care muſt be taken not 
to bring the magnetic body too near the 
needle, for fear of changing its polarity, 
The diſtance at which ſuch an effect will 
take place is various, according to the 
ſtrength of the magnetic body; fo that it is 
impoſſible to preſcribe it; but the operator 
will never miſtake, if he keeps the magne- 
tic body ſo far from the needle as jon to 
affect it OY" 


EXPERIMENT IV, 


To obtain the ſame obje as in the preceding 
7 by other methods. 


If the given body have only two poles! 
they may be aſcertained without the mage 
neticneedle, viz. by ſprinkling ſome iron fi- 
lings upon it, and obſerving where the parti- 
cles of the filings ſtand erect and perpendi- 
cular to the ſurface of the body ; for thoſe 
| places 
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places are the poles ; and, in order to diſ- 


tinguiſh the north pole from the ſouth, 


place the ſaid body on a piece of wood, and 
let it ſwim upon water, or tie it to a thread, 
and let it hang freely from it; in which 
caſe, the body will ſoon ſhew its north 
pole, by turning it towards the north, and, 
of courſe, the oppoſite pole will be turned 
towards the ſouth. In both thoſe caſes, 
vr. when the magnetic body is made to 


ſwim upon water, or ſuſpended by a thread, 


it muſt be ſo placed as that its | may 


lie horizontally. 


This method, however, is not ſo pre- 


ciſe as when a magnetic needle is uſed; 


firſt, becauſe it will not do when the given 
body has more than two poles, and, ſe- 


condly, becauſe, even when it has two 
poles only, they do not lie always in the 


ſame ſtraight line, which paſſes through 


the centre of the, body. 
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| 


CHAPTER III. 


C ontaining experiments concerning the action 
of a magnet on ferruginous bodies that are 


not magnetic, | 


ROPERLY ſpeaking, the magnet has 
no action upon unmagnetic bodies; 
for, when a bit of iron, or other ferru- 


ginous body, is preſented to it, the body 


becomes magnetic firſt, and then is at- 


tracted; ſo that in this chapter it is only 
meant to treat of the action of the magnet 


on thoſe bodies, which were not magnetic 
before they \ were preſented to it, 


EXPERIMENT | 


| To obſerve the effetts produced by a magnet 


on ſoft iron. 


Place a magnetic needle upon a pin 


ſtuck on a table, and, when the needle 
ſtands ſteady, place an iron bar of about 
eight inches long, and between a quarter 


of an inch and one inch thick, upon the 
table, 


0 
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table, ſo that one end of it may be on one 
fide of the north pole of the. needle, and ſo 
near it as to draw it a little way out of its 
natural direction. In this ſituation, ap- 
proach gradually the north pole of a magnet 
to the other extremity of the bar, and you 
will ſee that the needle's north end will re- 
cede from the bar more and more, in pro- 

portion as the magnet is brought nearer to 
the bar. If the experiment be repeated, 
| with only this difference, viz. that the 

| ſouth pole of the magnet be directed to- 
wards the iron bar, then the north end 
of the needle will advance nearer and 
nearer to the bar, in proportion as the 
ſouth extremity of the magnet is brou ght 

nearer to the iron. 

The reaſon of this phenomenon is, that, 
þy the approach of the north pole of the 


f magnet, in the firſt caſe, the extremity of the 
iron bar, which lies next to it, acquires a 

in ſouth polarity, and, of courſe, the oppoſite 

le extremity acquires the north polarity; in 


ut conſequence of which, the needle is repel- 
er led, becauſe magnetic poles of the fame 
he name repel each other ; but in the ſecond 


le, caſe, 
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caſe, when the ſouth pole of the magnet is 
brought near the bar, the end of the bar, 
which is next to it, acquites the north 
polarity, and the oppoſite end, acquiring 
the ſouth polarity, attracts the north end 

of the needle. | 
If, whilſt the pole of the magnet Rand, 
contiguous to one end of the bar, a ſmall 
magnetic needle be preſented within a cer- 
tain diſtance to various parts of the ſurface 
of the latter, it will be obſerved, by the at- 
traction and repulſion of the needle, that 
that half of the bar, which is next to the 
magnet, poſſeſſes the contrary polarity, and 
the other half the ſame polarity with the 
pole of the magnet that is applied to the 

iron. | 

The magnetic centre, however, or the 
limit between the polarities, is not always 
in the middle of the bar; it is generally 
nearer that end which is preſented to 
the magnet, This difference is -greater 
as the magnet is weaker, and the length 
of the bar increaſes ; but when the bar ex- 
| ceeds a certain length, which depends on 
the ſtrength of the magnet, then the bar 
; 7 acquircs 


to one of its extremities, that extremity 
becomes a ſouth pole; a few inches farther 


on you will have a north polarity, then ano- 


ther ſouth polarity, and ſo on. In this 
caſe, the firſt magnetic centre comes very 


near that end of the bar which ſtands next 


to the magnet, and other magnetic centres 
are formed between every pair of ſucceſſive 
poles, 

Thoſe ſucceſſive poles ess weaker 
and weaker in power, according as they 


recede from that end of the bar which is 


contiguous to the magnet, ſo that, in a pretty 
extended bar, they quite vaniſh long before 
they come to the farther end of it; hence, if 


one pole of a magnet be applied to the end 


of a long bar, the other end of the bar will 
not thereby acquire any magnetiſm, 'This 


will happen, when a magnet, capable of 


lifting about two pounds weight of iron, 
is applied to one extremity of an iron bar, 
about one inch ſquare, and above five feet 
long, 

On 
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acquires ſeveral ſucceſſive poles, viz. when | 
the north pole of the magnet is contiguous 
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On removing the magnet, the bar, if of 


ſoft iron, will immediately loſe all its mag- 


netiſm, otherwiſe will retain it a longer or 

ſhorter time, in proportion to its hardneſs, 
If the above-mentioned experiment be 

tried with bars of the ſame dimenſions, but 


of different degrees of hardneſs, it will 
appear, from the attraction or repulſion of 


the magnetic needle, that ſoft iron acquires 
2 ſtronger magnetic power than hard iron, 
or ſteel, &c, | 


ExPERIMENT II. 


To ſhew the action of the magnet on ferrugi- 
nous bodies, by the repulſion and attraction 
of twwo pieces of wire, 


Tie two pieces of ſoft iron wire, AB, AB, 


fig. 1. of plate II. each to a ſeparate thread, 


AC, AC, which join at top, and, forming 
them in a loop, ſuſpend them, by putting the 
loop on a pin, fo that the wires AB, A B, may 
hang at ſome diſtance from the wall. Then 
bring the marked end, D, of a magnetic 
bar, which is uſually the north pole, juſt 

: under 
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wires will immediately repel each other, as 
ſhewn in fig. 2. and this divergency will be 


greater when the magnet is brought nearer 


within a certain limit, and will decreaſe, 


according as the magnet is removed. The 
| reaſon of this phenomenon is very eaſily de- 


duced from the general laws of magnetiſm, 
viz. by the vicinity of the north pole D of 
the magnet, the extremities B, B, of the 
wires acquire the ſouth polarity, conſe- 
quently they repel each other; and the ex- 
tremities A, A, both acquire the ſame 
polarity, namely the north, hence they 


| likewiſe repel each other. 


If, inſtead of the north RY of the 
magnet, the ſouth pole be preſented, the 


wires will repel each other in the ſame 


manner as before; but now their extre- 
mities B, B, will become north poles, and 
the extremities A, A, will become ſouth 
poles. 

On removing the magnet, the wires, if 
of ſoft iron, will ſoon collapſe, having loſt 
all the magnetic power; but if ſteel wires 
or common ſewing needles be uſed, they 

will 
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under them, and it will be found, that the 
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will continue to repel each other after the 


removal of the magnet, the magnetic 
power being retained by ſteel. 


It has denn mit above, Und; When th 


magnet is brought nearer and nearer to the 
wires, the divergency of the latter will in- 


creaſe, as far as 2 certain limit. The reaſon 


of this limit is the attraction between the 
magnet and the extremities of the wires, 
which, when the magnet comes too near, 
counteracts the repulſion between the ex- 


tremities, B, B; ſo that the wires in that 


caſe ſtand as ſhewn in fig. 3. In fact, 
when the experiment is tried with ſteel 
wires, or needles, which retain the com- 


municated magnetiſm after the removal of 


the magnet, their lower extremities will 
diverge more after having removed the 
magnet than when they ſtand very near it. 


 ExyzrimenT III. 
To ſheww the action f the magnet upon fer- 


ruginous bodies, by means of four pieces of 


feel wire or ſewing needles. 


Take four pieces of ſteel wire, or four 
common ſewing needles, tie threads to 


them, 
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ner deſcribed in the preceding experiment; 
then bring the ſame pole of the magnet 
under both pairs, viz. one after the other, 
by which means they will acquire a perma- 


nent magnetiſm, and the wires of each pair 


will repel each other. After putting the 
magnet aſide, if you bring one pair of wires 
near the other pair, ſo that their lower ex- 
tremities may be all in one level, the four 
wires will repel each other, forming a 


| ſquare, becauſe their loweſt extremities are 


all poſſeſſed of the ſame polarity. 

If inſtead of giving the. ſame polarity 
to all the lower extremities, and the con- 
trary polarity to all the upper extremi- 
ties, you give one polarity to the lower 
extremities of one pair, and the contrary 
polarity to the lower extremities of the 
other pair; then, whilſt thoſe pairs are 
kept far from each other, the wires of 
each will fly away from, one another ; 


but if the two pairs be brought near, 
all the four wires will ſtick. together 


in one bundle; the reaſon of which is, 
becauſe the contrary polarities of both 
4 | pairs, 


them, and join them two by two, in the man- 
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1 being put near, will attract each 
other, and deſtroy the repulſion between 
the wires of the ſingle pairs. 


Inſtead of two, you may make ſeveral | 


pairs of wires or needles, and, by giving 
one ſort of polarity to the lower extremi- 
ties of ſome, and the contrary polarity to 
the lower extremities of others, you may 
produce effects analogous to thoſe deſcrib- 
ed above. 


ExPERIMENT IV. 


Qf the attion of the magnet on iron filings. 


Strew ſome iron filings upon a ſheet of 
paper laid upon a table, and place a ſmall 
artificial magnet among them ; then give 
a few gentle knocks to the table with your 
hand, ſo as to ſhake a little the filings, 
and you will find that they diſpoſe them- 
ſelves round the magnetic bar, in the 
manner repreſented by fig. 4. plate II. 
many particles clinging to one another, 
and forming themſelves into lines, which, 


at the very poles, are in the ſame direction 
| with 


* 
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with the axis of the magnet, a little ſide- 


then they form complete arches, reaching 
from a point in the north half of the mag- 
net to a point in the other half, which 18 
poſſeſſed of the ſouth polarity. . 

This phenomenon, obſerved from time 
immemorial, has given occafion to various 
perſons to believe, that there was a circu- 
lation of a fluid from one of the poles of 
every magnet to the other pole, in conſe- 
quence of which the iron or ſteel filings 
were thus diſpoſed round the magnet. At 
firſt Gght, a perſon little ſkilled in mag- 


the ſaid circulation of a fluid; but a little 


fluid, of whatever nature it may be, did 
really circulate from one pole to the other, 
„and had any action on th filings, theſe 
- {Wvould be all driven toward that pole 
to which the moving fluid directed its 
courſe. 
The true cauſe of the diſpoſition of the 
filings is, their becoming actually mag- 
ms nee, 


way of the poles they begin to bend, and 


netics' would eaſily be induced to believe 


* WW confideration will eaſily ſhew the abſur- 
ay k of the ſuppoſition, - becauſe, if the 
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netic, and their two. extremities being 


poſſeſſed of different polarities, Suppoſe 
firſt, that only one oblong particle of iron 
be affixed to the various parts of the 
| ſurface of the magnet; it is evident, from 
what has been ſaid above, that on the 
poles this particle of iron A B, fig. 5, 
plate II. would ſtand perpendicular to 
the ſurface, becauſe its farther extremity 
B, having the fame polarity as the extre- 
mity. C. of the magnet, is equally repelled 
by it on every ſide, and is far from the in- 
fluence of the other extremity D; on the 
ſides near to the poles the ſaid particle will 


ſtand inclined, becauſe the fartheſt pole . 


of the magnet begins now to act upon 
it; and on the middle of the magnet the 
wire will lie quite cloſe to it, or, if it be 
kept at ſome diſtance, will lie parallel 
to the magnet, becauſe the two poles of 
the magnet, being equidiſtant from the 
extremities of the iron particle, have an 
equal action upon it. Now, when there 
are many particles of iron, viz. the filings, 
near the magnet, thoſe particles which 
touch its ſurface are rendered magnetic, 

conſequent!) 
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FA 


conſequently, they attract other particles, 0 
and theſe being made alſo magnetic, attract f = 
others, and ſo on, forming ſtrings of ſmall _ = 
magnets, which gradually decreaſe in | 
power as they recede from the magnet, 
As each of thoſe particles has two mag- 
netic poles, by a little conſideration it 
| will appear, that the fartheſt ends of thoſe 
7 ſtrings or lines which proceed from the 
parts adjacent to one of. the poles of the 
I magnet, for inſtance, the north, are like- 
- wiſe poſſeſſed of the north polarity, and 
ie the fartheſt extremities of thoſe ſtrings 
which- proceed from the parts adjacent to 
the ſouth pole of the magnet, are poſſeſſ- 
ed of the ſouth polarity; hence, when 
they come ſufficiently near, they attract 
the extremities of the former ſtrings, and 
conſequently form the curves delineated: on 
the figure. 10 
The ſhaking of * able in this ex- 
periment ſerves to ſtir the filings, by 
making them. jump up a little way, and 
thus place themſelves in the proper ſitu- 
tion ; otherwiſe, the action of the magnet, 
will not have power ſufficient to diſpoſe 
O 2 properly 
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properly thoſe particles wan . at a 
confiderable diſtance. | 


EXPERIMENT V. 


5 on iron by 
"means of a ſuſpended body. 


Tie a thread to one end of a bit of ſoſt 
iron wire A B, fig. 6. plate II. about four 
inches long, and fuſpend it freely ; place a 
ſtand of any ſort in ſuch 'a manner as to 
ſupport a bar of ſoft iron C D, fo as to 
let one of its extremities C be about three 
quarters of an inch diſtant from the lower 
extremity B of the wire. This done, it 
you bring either pole of a ſtrong magnet 
E F under it, you will find that the end B 

of the wire A B will recede from the end 
C of the iron bar, becauſe they are both 
poſſeſſed of the fame polarity ; but if the 
magnet be applicd to the upper part of the 
wire, in the ſituation G H, then the end 
Bof the wire will be attracted by the ex- 
tremity C of the iron bar; becauſe, ſup 
poſing & to be the north pole of the mag- 
: ct 
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net, C being the extremity of the bar CD, 
that ſtands neareſt to the north pole G, 

acquires a ſouth polarity, and attracts the 


end B of the wire; becauſe B being the 


part of the wire which ſtands remoteſt 
from the north pole G, acquires the Ns 
n, the north polarity. 


en er a7 VI. 
To ſhew the effect of magnets on a crooked 


wire. 


Let an iron wire of about a quarter of 


an inch in diameter, and four or five inches 


long, be bent ſomewhat like a gothic arch, 
viz. with a ſharp corner in the middle, 


ABC, fig. 7, of plate II. and tie. it faſt 
to a croſs bar, or let an aſſiſtant hold it 


with the corner downwards : then apply | 


either pole of the magnet D E to one of 
its extremities A, and whilt the magnet 
remains in that fituation, apply a piece 
of iron H, of no great ſize, to the corner 
C, and you will find that the iron remains 
ſuſpended. Now, if another magnet be 

33 ĩðͤ applng 
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applied to the other extremity B of the 


| crooked wire, ſo that the pole G may be 
contrary to the pole E, the iron H will 


immediately fall off; but if the pole G be 
analogous to the pole E, viz. be both 
ſouth, or both north, then the iron H 
not only will remain adhering to C, but 
the ſaid corner will be capable of ſup- 
porting a weight ſtill greater than II. 


The reaſon of which is, becauſe, in the 
former caſe, the extremities A B of 


the bent wire being poſſeſſed of different 
polarities, the corner C was the magnetic 


centre, where there is no attraction nor 
repulſion ; whereas, in the ſecond caſe, 
both extremities of the bent wire being 


poſſeſſed of the ſame polarity, the corner 


E was neceſſitated to acquire the con- 
. trary polarity ; and in this caſe, the bent 


wire muſt have two magnetic centres, VIZ, 
one on each ſide. en 


ExXPERIMENT 
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b 
EN AIM Nr VII. 
; Shewing i n — $9 circumſtances a magnet can 
k lift the greateſt weight. 
Take a magnetic bar, and find by trial 
an oblong piece of iron, about 4 inches 
8 long, and of a weight little greater than 
bs TOTP 8 

the magnet will ſupport. It is plain that 
Ic 3 | 
if you affix this iron to one pole of the 
C magnet, the moment you remove your 
; hand the iron will drop; but if, before 
I you remove the hand, you preſent another 
or N 1 | 
larger piece, of iron juſt under the lower 
e extremity of the former, and within half 
© or three quarters of an inch from it, you 
will find that the magnet will then ſup- 
" port that piece-of iron which it could not 
ſupport before, when a ſecondary piece of 


iron was not under it. In ſhort, a magnet 
can lift a greater weight of iron from 
over another piece of iron, as an anvil, 
or the like, than from over a table. 
The reaſon of which property is, that 
VT in the former caſe, the iron baſis, or infe- 


04 rior 


200 PRxAc rica MAGNETISM. 


rior piece of iron, becoming itſelf in 
ſome meaſyre magnetic, helps to increaſe 


the magnetiſm of the firſt piece of iron, 
and conſequently tends to increaſe the at- 
traction between it and the magnet; which 
does not take place when the iron is lifted 


from over a table, or ſomething elſe which 
is incapable of acquiring any magnetiſm. 

In order to render this property more 
intelligible, ſuppoſe that a piece of iron 
be affixed to the north pole of a magnet; 
it is plain, that by the action of the mag- 
net, the part of it that ſtands next to the 
magnet has acquired a ſouth polarity, and 


its other, or inferior extremity, has ac- 
quired a north polarity, the attraction | 
being a conſequence of this acquired mag- 


netiſm, and being greater or ſmaller in 
proportion as that acquired magnetiſm is 
more or leſs powerful; conſequent]y, 
whatever tends to increaſe that magnetiſm 


in the piece of iron, muſt likewiſe increaſe 


the attraction. + Now, when another piece 
of iron is under the former, that other piece 
of iron, being within the ſphere of action of 
the magnetic bar, becomes magnetic, and 

the 
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the part of it which is contiguous to the 


north pole of the magnet acquires the 
ſouth polarity ; but this is contiguous to 


the lower end, which is the north pole, of 


the firſt piece of iron, therefore it muſt in- 
creaſe that north polarity, and, of courſe, 


the ſouth polarity of the upper end of the 
firſt piece of iron, which ſtands next to 


the magnet. 
In fact, if, inſtead of the e 


piece of iron, you put the ſouth pole of 


another magnet at a little diſtance below 
the lower extremity of the ſuſpended iron, 
you will produce the ſame effect, viz. will 
increaſe the attraction between it and the 
north pole of the firſt magnet; but if you 
preſent the north pole of the ſecond magnet 
under it, then you will produce the contrary 
effect, viz. will weaken its magnetic power, 
and, of courſe, diminiſh the attraction. 


EXPERIMENT VIII. 


To ſhew the variable power of, a magnet by 


uſdending iron to it. 
Suſpend a magnet, in a place that is not 


much Hook, and apply to it as much 


2 | weight 


80 


* 
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weight of iron as it will juſt ſupport #, 
Let a hook or a ſcale, like thoſe uſed for a 
balance, be faſtened to this iron. On the 
day following, you may put a little more 
weight into the ſcale, which the magnet 
will ſupport. One or two days after, a 

little more weight may be added; and ſo on; 
the power of the magnet increaſing daily: 


and, though this increaſe of power is neither 


unlimited nor very regular 17 being affected 
in ſome meaſure by the viciſſitudes of heat 
and cold, &c.; yet, upon the whole, the 


power of a magnet will be conſiderably in- 
creaſed by this artifice. 


It is very remarkable, that if, in the 
courſo of the operation, the iron were to 
drop from the magnet, on replacing it, 
you will find that the magnet will no 
longer ſupport as much weight as it did a 
moment before, ſo that now you muſt di- 
miniſh the weight, though in the courſe 
of the following days you may increaſe it 


For this purpoſe, the magnet, either natural or 
artificial, ought to be armed, or made in the ſhape of 
* horſe-ſhoe; viz. ſo as to have the poles in one plane; 
in this form the effect being more conſpicuous. 
gradually 
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gradually again; hence, in placing the 

weights into the ſcale, or upon the hook, 

care muſt be taken not to give it any jerk, 

ſo as to cauſe the iron to fall off; otherwiſe 
a great deal of the work will be loſt. 

The reaſon of this experiment is, that the 
iron being rendered magnetic, tends to 
ſtrengthen the magnetiſm of the magnet; 
in the ſame manner as any other magnet 
endeavours to render magnetic any ferru- 


ginous ſubſtance that is placed within its 
þ ſphere of ation, When the iron falls off, 
- the magnet loſes part of the acquired 


power, eſpecially if the magnet had ac- 
quired more than its point of ſaturation, 
there having been removed the cauſe which 
kept it up; and when the iron is replaced, 
the magnet will not recover the loſt power 
very readily, becauſe there is required a con- 
{iderable time to communicate a certain de- 
greeof magnetic power toa hard ferruginous 
ſubſtance, as the magnet is, eſpecially when 
that magnetiſm muſt be communicated by 
the action of a proportionably weak magnet, 
lane; like the iron weight. 


| 8 to Aepinus's O hypotheſis of 
ually the 


204 PrACTICAL MAGNETISM, 
the magnetic fluid, this experiment is 
explained thus: — The magnetic fluid in a 
magnet is not equally diſperſed through its 
ſubſtance; but one pole, or half of it, is 
overcharged and the other undercharged. 
There is a ſtrong attraction between the 
undercharged part and the ſuperfluous 
quantity of magnetic fluid in the over- 
charged part, and the reſtoration of the 
balance is in great meaſure prevented by 
the hardneſs or ſome other quality of the 
magnet. Now, when the iron is afhxed 
to the magnet, it becomes magnetic, viz. 
that part of it which is contiguous to the 
overcharged pole of the magnet, becomes 
undercharged, and the oppoſite one be- 
comes overcharged. In this ſituation, the 
undercharged part of the iron, endeavour- 
ing to draw the magnetic fluid of the mag- 
net towards itſelf, accumulates or draws it 
Kill nearer to that overcharged pole of the 
magnet, and, on the other fide, the over- 
charged part of the iron being contiguous 
to the undercharged pole of the magnet, 
tends continually to drive the magnetic 
Huid Away ff rom that underchar ged pole of 
| the 
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the magnet ; but the power of the magnet, 
according to the hypotheſis, depends on the 
unequal diftribution of the magnetic fluid, 
therefore the action of the iron, by endea- 
vouring continually toincreaſe that unequal 
diſtribution, muſt increaſe the — the 
magnet. 8 

It follows from this experiment, that 2 
magnet is apt to loſe much of its power 


when kept een any iron — 
to it. 


ExPERIMENT IX. 


To ſhew the various fert produced by a 4 
magnet on different forts of 995-9008 
 Jubſlances., 


Let feveral bars bemade, of different ſorts 
of iron and ſteel, but all of the ſame di- 
menſions, viz. about five inches long, and 
half an inch thick; then examine them, 
one by one, in the following manner: 


Place a magnetic needle fo that one pole 
of it may be about an inch diſtant from one 


end of the bar of 1 iron or ſteel, but the 
| needle 
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needle and bar muſt not be in one direc= 
tion; then apply one pole of a magnet to 
the other extremity of the bar; by the 
application of which, the needle will 
be moved from the ſituation in which 
it ſtood before. Thus repeating the, 
operation with all the different bars, it 
will be found, that the needle is affected 
moſt when the bar is of ſoft iron, and leaſt 
when it is of hard ſteel, or of the brittle 
ſort of caſt iron ; the other ferruginous 
ſubſtances affecting the needle in ſome in- 
termediate degree between thoſe two ex- 
tremes. 

This experiment plainly. 8 that 
the magnet has more action upon ſoft 
iron than on any other ſtate of that metal; 
ſoft iron acquiring the greateſt degree of 
magnetic power, and conſequently., diſ- 
turbing the needle moſt. Hence it ap- 
pears why a magnet attracts ſoft iron 
more, powerfully than any other ferrugi- 
nous ſubſtance, viz. becauſe ſoft i iron be- 
comes more . powerfully magnetic. when 
acted on by the magnet. 

In this experiment it will alſo be Gund, 

that thoſe bars which become leaſt oor 


netic, 
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netic, and of courſe affect the needle 
leaſt, after the removal of the magnet will 
retain ſome magnetiſm; whereas the ſoft 


iron will loſe it immediately ; which evi- 


dently ſhews, that the difficulty of acqui- 


ring magnetiſm, and of retaining it When 
once acquired, is owing to the ſame cauſe, 


namely, the obſtruction offered by the 
ferruginous ſubſtance to the free paſſage of 


the magnetic fluid, or of that power which 


produces the magnetic phenomena. 


* 
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0 7 the. action of magnets on each other 


EXPERIMENT. * 


To ſhew the action of a magnet on a magnetic 
feel: wire. 


ARE a ſoft ſteel wire, like A B, fig. 8, 
of plate II. about five inches long, 


and a quarter of an inch thick, and give it 


ſome magnetiſm, by placing it between two 


magnetic bars for a minute or two. This 


done, 
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done, findits magnetic centre C, according to 
the experiment deſcribed in the ſecond chap- 
ter; then lay it upon a table, and put amag- 
netic bar, D E, near it, fo that their north 
poles may be towards each other. In this ſitu- 
ation, if you examine the wire A B, by means 
of the magnetic needle, you will find that the 
action of the magnet D C has removed the 
magnetic centre C farther from the end B; 
and the nearer the magnet is approached 
to B, the nearer will the magnetic centre C 
come to the extremity A. At laſt the end 
B of the ſteel wire will become a ſouth 
pole, the north pole will be removed to- 
wards C, and another magnetic centre will 
ariſe between thoſe two poles. In this ex- 
periment, a great deal of variety is occa- 
fioned by the various ſtrength of the 
magnet, the length and ſoftneſs of the 
ſteel bar, and the diſtance , the one 
and the other. 

1. If the ſteel bar be very long, it will. 


acquire ſeveral ſucceſſive poles, - and the 


original magnetic centre C, will not come 
proportionably ſo near the Femin. A as 


when the wire is ſhorter. 
2. If 
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2. If the wire A B be very ſhort, by the 
approximation of the magnet, its poles 
will be reverſed, ſo that B, which was 
the north pole, will now becohie ſouth, 
and the extremity A will become the north 
Pore A 
3. If the power of the magnet D E, be fo 
bl. as to come nearly to an equality 
with the magnetic power of the wire A B, 
then they will have an equal power upon 
each other; and the conſequence will be, 
that the north poles of both will be alittle 
removed from the extremities B and D; 
provided the ſubſtance of the ——_—_— 1s 


equally ſoft. 


4. By a gradual approximation of the 
ſtrong magnet D E, to the ſteel wire A B, 
the extremity B of the latter muſt haye its 
polarity firſt diminiſhed, then annihilated, 
and laſtly reverſed. | 

From an attentive conſideration of a : 
above-mentioned particulars, it will ap- 
pear, that, before the pole B is changed, 
the two magnets muſt exert a repulſion 
againſt each other; that when the polarity 
of B is anpihilated, the two magnets can 

| | neither 
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neither attract nor repel each other; and, 
laſtly, that when the extremity. B has ac- 


quired a ſouth polarity, the two magnets 


muſt attract each other. 
In. Caſe 3, the two magnets can have 


little or no power on each other ; ſo that 


no attraction nor repulſion will take place 
between them. 


EXPERIMENT II. 


To hew the action of both magnetic poles, of 
tuo magnets, on each other. 


What has been faid in the preceding 
experiment, with reſpe& to one magnetic 
pole, will now be eafily applied to explain 
the action of both poles of one magnet, on 
the analogous poles of another magnet. 
Let C E D, A F B, fig. . of plate II. be 
two ſemicircular magnets, and let their 
poles of the ſame name be approached 
towards each other; A, C being north 
poles, and B, D ſouth poles. The conſe- 
quence of this approximation will be vari- 
ous, according to the various ſtrengths of 
| the 
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the magnets, and the diſtance between 
them. Thus, if they be unequal in power, 


on their being gradually brought near to 


each other, the poles of the weak one 
muſt be gradually weakened, in which 


caſe, a repulſion is exerted between the 
magnets; then they are annihilated; in 


which caſe, no attraction nor repulſion 


will take place; and, laſtly, they will be 


changed, and then the two magnets will 
attract each other. 

If the magnets be equal i in power, and 
of a very hard nature, they will always re- 
pel each other, becauſe the poles of neither 
of them are deſtroyed or reverſed \ but, 


if equal in power, and of a ſofter na- 


ture, then, when brought ſufficiently near, 
will deſtroy each other's polarity, and, of 
courſe, no attraction nor repulſion will 
take place: 

In this experiment, the magnetic cen- 
tres, E and F, will not be removed from 


their places, the action of the two poles _ 


being equal on both ſides; ſo that the 
only thing that can happen, 1s the genera- 
tion of more magnetic centres, and, of 


P 2 courſe, 
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courſe, of more magnetic poles, the num- 
ber of which depends on the length, hard- 
neſs, and power of the e 


% 


ExIIIAIMVr II. 


To ſbew the action between the contrary poles 
to magnets. 


In the two preceding experiments, the 
homologous poles of the magnets were op- 
poſed to each other; but, if they be re- 
peated, by preſenting the ſouth poles to the 
north pokes, the phenomena will be as fol- 
lows, via. 

The magnetic poles of each magnet will 
be ſtrengthened, the nearer they are ap- 
proached to each other; the attraction will 
increaſe in the ſame proportion, and it can 
never be changed into repulſion. But, as 
the degree of attraction depends on the 
ſtrength of the contrary poles, every thing 
elſe remaining the ſame, and as the increaſe 
of the polarity of one magnet from the 
action of another magnet. principally de- 
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pends upon the ſoftneſs of one of the 


magnets, it follows, that, in certain cir- 
cumſtances, a weaker magnet may be at- 
tracted more powerfully than 2 a 
one. | 

In order to render this kind of pern . 
very evident, let two ſmall magnetic bars 
be made, exactly of the ſame dimenſions, 
but let one be made of the hardeſt, and the 


other of the ſofteſt ſteel. Let the latter 


have a very weak magnetic power, but the 
former a greater power. This done, if 
you apply thoſe magnets ſingly, and al- 
ternately, to a third magnet, conſiderably 
more powerful than either of them, you 
will find, that the weak magnet, viz.- that 
of ſoft ſteel, will be attracted more pow- 
erfully than the other; the reaſon of 


which is, that the ſoft ſteel magnet 


will have its poles rendered conſiderably 
ſtronger by the vicinity of the third magnet, 
and that on account of its ſoftneſs, though, 
for the very ſame reaſon, its power will be 
ſoon diminiſhed when removed from that 
ſphere of aQion ; whereas the magnet of 
hard ſteel, * its poles be increaſed a 


3 little 
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little by the action of the third magnet, yet, 
on account of its hardneſs, they will not be 
increaſed: to ſuch a —_— as n of the 
ſoft ſteel one. | $3 $4 

It appears therefore, 1 this a the 
two preceding experiments, that when 
two magnets are approached near each 
other, they may repel, attract, or not act at 
all on one another, according to the various 
enumerated circumſtances; that the repul- 
ſion at a diſtance may be changed into at- 
traction, by bringing the magnets nearer; 
that the attraction taking place when the 
magnets are within a certain diſtance of 
each other, may be changed into repulſion 
by increaſing that diſtance &; and that a 


Thus when two magnetic bars, pretty long, but 
not very hard, and of different powers, are placed in 
the ſame direction, with the north pole of one contigu- 
ous to the north pole of the other, the weak magnet 
will have its north pole changed into a ſouth pole for 
a ſhort way, in conſequence of which, an attraction 


will take place; but when the magnets are removed 


farther off, then. the original ſouth extremity of the 
weak bar will reſtore the north polarity of the op- 


polite RTF, and, conſequently, | a repulſion will 


_ enſue.” 
3 
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weaker magnet, in certain caſes, may be at- 


tracted with greater force than a ſtronger 
one; this law remaining certain and un- 
altered in any caſe, viz. that the poles 
of the ſame name repel, and thoſe of a dif- 


ferent name attract, each other; fo that, 
when an attraction takes place between 


thoſe parts of ferruginous ſubſtances, which 


were before poſſeſſed of the ſame polarity, 


it may be concluded, that the polarity of 
one of them has been actually changed. 


EXPERIMENT. W. 


To Some or diminiſh the Aera A 

aà magnet and a piece of iron, by the action 
of another magnet, equal in Fee to "oy 
former. 


Place a magnetic bar, A B, fig. 10. of 
plate IT. fo that one of its poles may pro- 
ject a ſhort way beyond the table, and ap- 
ply an iron weight, C, to it; then take 
another magnetic bar, D E, like the for- 
mer, and bring it parallel to, and juſt over 
the other, with the contrary poles towards 

P 4 each 


oe 
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each other; in conſequence of which, the 
attraction of B will be diminiſhed, ſo that 
the iron C, if very heavy, will drop off, 
and the magnet can only ſupport a ſmaller 
piece of iron. In ſhort, this attraction 


will be diminiſhed, and, when the magnets 


come quite. into contact, provided they be 


of an equal power, the attraction will en- 


tirely vaniſh ; but if the experiment be 
repeated, and the homologous poles of the 
magnets be approached to each other, then 


the attraction, inſtead of bein 8 diminiſhed, | 


will be increaſed. i 

As the attraction between the iron and 
the magnet is owing to the iron acquiring 
a different polarity, it follows, that whate- 


ver contributes to increaſe that different po- 


larity, increaſes likewiſe the attraction, and, 
on the contrary, whatever diminiſhes or 
deſtroys that different polarity in the iron, 
muſt likewiſe diminiſh or deſtroy the at- 
traction. Therefore, when the extremities 
E and B of the magnets are both north 
poles, or both ſouth poles, that part of the 
iron which is next to B becomes more and 
a Rrongly N of the contrary po- 


larity, 
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larity, the more the magnetsare approached ; 
but when B and E are poles: of different 
name, they will prevent the iron acquiring 
any polarity, becauſe, if the action of one 
tends to communicate to it a north polari- 
ty, the action of the other will endea- 
vour to communicate a ſouth polarity ta 
the an tee of the i iron. 


5 v. 


75 increaſe or diminiſh the attraction between 
a magnet and a piece of iron, by the attion 
F another more or 25 powerful magnet. 


If the 11 g experiment be repeated 
with magnets. of unequal power, for in- 
ſtance, the magnet D E be much more 
powerful; on approaching the two mag- 
nets to each other, it will be found, that 
the greateſt degree of attraction, when the 
contrary poles are towards each other, and 
the entire deſtruction of the attraction, 
when the homologous poles are towards 
each other, will take place before the mag- 
nets come into contact; the reaſon of which 
the ingenious reader may caſily underſtand, 
after what has been ſaid before. 

ExXPERIMEN T 
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EXPERIMENT VI. 


＋ 0 ew the generation. of the poles, = of 


| the magnetic centres, in the parts of 4 
broken magnet, 


Fake a magnetic bar A B, fig. 1 11. of 
plate II. of very hard ſteel, and having 
only two poles, A and B.—A magnetic 
bar about 6 or 8 inches long, and about 
a quarter of an inch in diameter, anſwers 
very well for this experiment. The mag- 
netic centre of this bar will be in its middle, 
C, or very little diſtant from that point. 
Now if, by a ſmart ſtroke of a hammer, 
you break off F B, about one third part of 
the magnet, it might be expected the part 
F B, which before the fracture was all 
poſſeſſed of one polarity, for inſtance, the 
north, would now continue ſo; but upon 
examination it will be found, that that part 
of the fragment, which was contiguous 


to the fracture, has acquired the contrary 


Polarity, namely the ſouth, and a magne- 
tic centre E will be gn. 


centre of this fragment, at firſt; is always 


nearer to the fracture F, but in time it ad- 
vances nearer to the middle of the frag- 


ment, The original centre C of the other 


piece, A F, after the fracture, will like- 


wiſe advance nearer to the middle of it. 


' This experiment may be diverſified in 
the following manner ;—A ſteel bar, of 


about fix inches long, and a quarter of an 
inch thick, being made quite hard, may be 
broke in two unequal parts; theſe parts 
may be joined together, and preſſed againſt 
, each other, ſo as to make them look as if the 
bar had not been broke ; in this ſituation, 


cation of very powerful magnets to its ex- 


the whole bar will be found to have two 
poles on its extremities, and one magnetic 
centre in its middle ; but if the parts be 
ſeparated, each will be found to have two 
poles and a magnetic centre, &c. 

What has been here ſaid of artificial 
magnets, has been found true with natural 
magnets alſo, and with magnets having. 

67 more 
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It has been obſerved, that the magnetic 


2 


it may be rendered magnetic by the appli- 


tremities; after which, on examination, 
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more than two poles; in ſhort, if a mag. 


net be broke in ſeveral "pieces, every frag- 


ment is a complete magnet, having at 
leaſt two poles and one magnetic centre; 
nor was a piece of a magnet ever produ- 
ced n had oaly one A 


ExPERIMENT VII. 


W removing the magnetic centre in a magnet. 


The ſame means, which facilitate the 
tranſition of the magnetic power from one 
to the other of a ferruginous body, 
have likewiſe the power of removing the 
magnetic centre, in magnets which have it 
not in their middle, and to make it approach 
nearer to that point ; hence this may bc 
effected various ways, viz. by ſtriking a 
magnetic bar repeatedly, by heating it, by 
bard rubbing, &c. ; but it muſt be con- 
ſidered, that thoſe very means generally 
tend to weaken the magnetiſm of the mag- 


netz; therefore they ought not to be ap- 


plied beyond what may be neceſſary to 
produce a ſenſible removal of the magnetic 
centre from its original place. 


'CHAP- 


1 ne 8 
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c HAP T E R v. 

Of communicated magnetiſm, or of the vari- 
ous methods of making artificial magnets.” 


ExerriMment I. 


To make a prece of tron acquire the magnetiſin 
From the earth. 


* K 
5 r 1 o . > = 2 
5 3 Ty * . . = — — p „514 „ 12 , _ 
F 5 


AKE a bar of ſoft iron, about 
two or three feet long, and between 


- 


e half and two inches thick (ſome kitchen 1 
. pokers are very fit for this experiment) 4 


and place it ſtraight up *, Then place a 


1 

4 * In a proper manner of making the experiment, | 
* the iron bar ought to be placed in the magnetical line, 7 
N= rix. in the direction of the dipping needle ; but, as 9 
ly few perſons are furniſhed with a dipping needle, and . 
many may be deſirous of performing this curious ex- R 
8˙ periment, it will be ſufficient for thoſe perſons to place 2 
p- the bar ſtraight up, when they are in higher latitude ah 
to than 40 north or ſouth, but to place it horizontally "of 
tic when they are nearer to the equator than the above - 9 
| mentioned degree of latitude. | ty, 
magnetic *y 


* 
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magnetic needle on a pin, and, holding the 
pin in your hand, preſent the needle to the 
various parts of the bar from top to bottom, 
and you will find, that in this iſland the 
lower half of the bar is poſſeſſed of the 
north polarity, capable of repelling the 
north and of attracting the ſouth pole of 
the needle, and the upper half is poſſeſſed of 
the ſouth polarity, capable of repelling the 
ſouth and of attracting the north pole of 
the needle. The attraction is ſtrongeſt at 
the very extremities of the bar, it dimi- 
niſhes as it recedes from them, and va- 
niſhes about its middle, where no one pole 
of the needle is attracted in preference to the 
other. In ſhort, in that ſituation, the iron 
bar is as much a magnet as any piece of 
iron that ſtands within the influence of a 
magnet *. Ba” 

If you turn the bar top-ſfide down, the 
extremity of it, which was ſouth pole when 


© © Beſides its power on the needle, if the iron bar 


be not very ſhort, it will even attract ſmall pieces of 


iron, as filings, &c. that are placed near its extre- 
mity. | 
TIF Sk 6 TOES « 
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it ſtood uppermoſt, will now become north 
pole, and the other extremity will become 
ſouth pole. 

In the ſouthern parts of the world: the 


lower part of the bar is a ſouth pole; or, to 
be more explicit, when, in any part of the 


world, the bar is ſituated in the magnetic 
line, the extremities of the bar will acquire 
the polarities correſponding to the neareſt 
poles of the earth. 


EXPERIMENT II. 


To fix in an iron bar the magnetiſm which 
is communicated to it by the earth. 


The very ſoft iron acquires the greateſt 
degree of magnetic power in the ſhorteft 
time, but loſes it with the ſame quick» 


neſs ; ſo that, if the preceding experiment 


be performed with a bar of that fort. of 
iron, the magnetiſm communicated, to it 
by the earth will not be permanent ; but 
if it be made red-hot, and be left to cool 
in the magnetic line, or if it be repeatedly 
ſtruck with a hammer, whilſt ſtanding in 
the 
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224 Practicar MAENETISM! 
the magnetic line, it will thereby acquite 


a ſmall degree of permanent magnetiſm; 


which power, however, either by leaving 
the bar for ſome time in an improper ſi- 
tuation, or by inverting and ſirtking it 
again, will be ſoon deſtroyed. 

When the iron is ſomewhat harder, the 
acquired magnetiſm laſts much longer ; 
though a longer time, or longer operation, 
be required in order to render it mag. 
„ 

As the conſtant action of a weak mag- 
net on a ferruginous body continually 
tends to increaſe the magnetiſm of that 
body; fo the iron bars, which are left in 


the direction of the magnetic line for a con- 


ſiderable time, become- continually more 
ſtrongly magnetic, and the acquired power 

becomes more permanent. 
The reaſon why iron, by long ſtanding; 
by hammering, &c. acquires a permg- 
nent magnetiſm from the earth, whereas 
by the mere poſition, in a ſhort time, the 
power is not at all permanent, ſeems to be 
the pa texture of the iron: ſuppoſe, 
for 


4 


or” 
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for inſtance, that a piece of iron is com- 
poſed of hard and ſoft particles, or of 
ſome, through which the magnetic power 
moves very eaſily, and others, through 
which it moves very ſlowly. The former 
then, of thoſe particles, acquire the mag- 
netiſm at firſt from the earth, and loſe it 
very eaſily; but by continuing in the ſame - 
poſition, or by being ſoftened, &c. the hard 
particles gradually acquire magnetiſm from 
the former, and, having once acquired it, 
retain that power for a long time. It is, 
ly beſides, very probable, and, in certain cir- 
cumſtances, actually proved, that ſome ſort 
of iron becomes harder by being kept long 
e to the e 8 


ExPTRIMENT III. 


To communicate a permanent magnetiſm to 4 
ferruginous body, by means of an iron bar, 
hilft this is rendered n 45 the 
ar. 


The ſimpleſt method of ok this 
fect, is deſcribed in the Philoſophical 
Q Tranſactions, 


„„ 
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Tranſactions, by Mr. Arnold Marcel *; 
part of whoſe paper I think it not im- 


proper to tranſcribe in this place, it being 
the firſt method of the kind that 1 find 


publiſhed. _ 
In the year,” ſays he, 1726, making 
« ſeveral further obſervations about the 


«© magnetical force, which I found in 


oo great pieces of iron, I made uſe of a 


large iron vice, about go lb weight, in 


% which I fixed a ſmall anvil of about 
* 121b. Upon the bright ſurface of this 
% anvil I laid the ſteel, to which I would 
« pive the virtue, in a poſition of north 
* and fouth, which happened to be in a 
“ diagonal of the ſquare ſurface of the an- 
« vil; then I took a piece of iron, one 
* inch ſquare, and 33 inches long, of 
% about eight Ib. weight, having at one 
« end the figure here repreſented (fig. 12. 
« plate II.) brightly poliſhed at A, and 
** taper at the other end; Then I held 
«. faſt down the piece of ſteel upon the 
« anvil with one hand, and with the other 


= Mareyn's Abridgment Vol. VI. Part II. p. 278. 
6 I held 
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J held the iron bar aforeſaid perpendi- 
„ cular, with its point A upon the ſteel, 
0 and, preſling hard, I rubbed the ſteel 
« with the iron bar towards me, from 


north to ſouth, ſeveral ſtrokes, always 


« carrying the bar far enough round 


. = about, to begin again at the north, to 


«© prevent the drawing back of the mag- 


« netical force. Having thus given 10 or 


* 12 ſtrokes, I turned the ſteel upſide 
% down, leaving it in the fame poſition 


as to north and ſouth, and, after rubbing 


« jt and turning it, till I rubbed it about 
„ 400 times, it received, by degrees; more 
and more ſtrength, and at laſt had as 
% much as if it had been touched by a 


« ſtrong load-ſtone. The place where I 


„began to rub, was always that which 
pointed to the north when the needle 
„% was hung, the end where I had ended 
« the ſtrgke turning to the ſouth, Some- 
„ times it has happened, that in a few 
© ſtrokes I gave the ſteel its virtue; nay, 


even in the very firſt ſtroke, one may 
give a great deal to a ſmall needle, This 


„% way I have given the magnetical virtue 
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* to needles of ſea-compaſles, made of 
one piece of ſteel, fo ſtrongly, that 
one of the poles would take up I, and the 
other a whole onnce of iron: although 
<. theſe needles wete anointed with linſeed 
oil, which made a hard coat, to keep 
te them from ruſting, yet they kept the 
«© virtue; but in ſtrengthening theſe fort 
of needles, I rubbed by turns firſt to the 
* right and then to the left fide. 
The fame way I brought the virtue 
into the point of a knife, ſo that it 
« would ſuſtain 11 ounce. 
I brought the ſaid virtue into four 
„ ſtall pieces of ſteel, each one inch long, 
* and r inch broad, as thin as the ſpring of 
1% 4 watch. Theſe four pieces I joined 
«© together, as into an artificial loadſtone, 
* weighing 18 grains Troy, and then it did 
r draw up and ſuſtain an iron nail, which 
« weighed 144 grains Troy. This artificial 


* Joadſtone has now theſe fix years been 


* tumbled about, and been lying among 
« iron and ſteel, and in any poſition,” and 
yet it has rather got more than Joſt 


* any of its * as PINS: I 
The 
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1 magnetical virtue being thus 


« brought into iron or ſteel, I have far- 


« ther obſerved, that that end where the 
* ſtroke, was begun, would draw to the 
north, and where the ſtroke ended, to 


« the ſouth, in whatever ſituation the ſteel 


“ had been laid upon the anvil to give 
« it the virtue. I took a piece of ſteel, and 


rubbed it from one end to the middle, 


« and then from the other end to the 
* middle, and found it had two north 
* poles, one at each end, and the middle 
%a ſouth pole. 

Further, beginning to rub eh the 
« middle towards each end of another 


« piece of ſteel, I found it to have at each | 


* end a ſouth pole, and in the middle a 
north pole.” 


A very eaſy way of giving . magnetifin, to 


a ſmall piece of ſoft ſteel, is the follow- 
ing: Take two pokers of ſoft iron, or two 
iron bars, of about an inch ſquare, and more 
than 3 feet in length, keep them in themag- 
netical line, or (if in this iſland) perpendicu- 
larly, as ſhe n in fig. 13. of plate II. Then 
let the piece of ſteel C B be either faſtened 
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230 PRACTICAL MAGNETISM. 
to the edge of a table, or be held by an af. 
ſiſtant; and, placing the lower extremity of 
the bar A B, and the upper extremity of 
the bar C D, both on the ſame ſide, and in 
the middle " the ſteel, ſtroke the ſteel 
from the middle towards its extremities, 
moving the end of the bar C D from the 
middle of the piece of ſteel towards its end 
C, at the ſame time that the end of the 
bar A B is moving from the middle of the 
piece of ſteel to its other extremity B, and 
when the bars are arrived to the ſaid extre- 
mities, remove them from the ſteel, and 
apply them again to the middle, and fo on; 
thus ſtroking the piece of ſteel about 40 
or 50 times on every fide, will give it a 
confiderable degree of magnetiſm. 

It is evident, that if in this experiment, 
when the iron bars are arrived to the ex- 
tremities of the ſteel, you bring them back 
to the middle of it, by drawing them along 
the ſurface of the ſteel, the experiment will 
not ſucceed, becauſe the magnetic power 
communicated by their rubbing the ſteel i 
one direction, will be down Aa by the! 
contrary motion. 


ExXPERIMEYY 
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EXTZAIAIAT W. 


To confirus arti ificial magnets, . after the 


manner of Mr, Canton *. 


Let fix bars be made of ſoft ſteel . about 


z inches long, + inch broad, and # inch 
thick. Let alſo fix other ſteel bars be made 
quite hard, and about fix inches long, half 
an inch broad, and one eighth thick, Each 
of thoſe ſets of bars muſt have two pieces 


of ſoft iron, called ſupports or conductors, 
both equal to one bar of the reſpective ſet. 
One end of each of theſe 12 bars muſt 


be marked with a line, which end is to 


"NY the north pole. Have ready alſo 
iron poker and tongs, that have been 
rg, in uſe, 

Place the poker nearly upright, or 8 
in the magnetical line, with its point down - 
wards ; and let one of the ſoft ſteel bars be 
tied, by means of a thread, to the middle 
of it, and with the marked end downwards; 
then with the lower end of the tongs, held 
alſo in an upright poſition, or in the mag» 


Phil. Tranſ. for the year 1751 and 1752, . 
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netical line, ſtroke the ſteel bar from the 
marked end upwards, about 10 times, on 
both ſides, which will give it power enough 
to keep ſuſpended a ſmall key. Thus com- 
municate the magnetiſm to four of the 
ſmall bars. 

This done, lay the two ocker ſmall bars 
on à table, parallel to each other, about a 
quarter of an inch aſunder, and between 
their iron conductors, A B, C D. fig. 14. 
of plate II.; taking care to place the 
marked end of one of the bars on one ſide, 
and the marked end of the other bar on 
the oppoſite fide. Now place the four bars, 


already made magnetic, in the form ſhewn . 


in fig. 15. viz. two with their north poles 
downwards, and the other two with their 
ſouth poles downwards. The two of each 
| pair muſt be placed breadth to breadth, and 
the two pairs being put contiguous to each 
other at top, muſt be kept open to a ſmall 
angle by the interpoſition of ſome hard 
ſubſtance I. This fort of compound mag- 
net, formed of the four bars, muſt be 
placed with its aperture on the middle of 


one of the ſoft bars A C, taking cate to 


let 


* 
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let the ſouth. poles H be towards the 
marked end of the bar A C, and the north 


poles F towards the other extremity. In 


this poſition, the compound magnet muſt 


be flid from end to end of the ſaid bar, 
viz, when the poles H are arrived at C, 
move the compound magnet backwards 
the other way, till the poles F come to 
A, &c. Thus ſtroke the lying bar four 
times, ending at the middle ; from whence 
take up the compound magnet, and remove 
it to the middle of the other lying bar 
BD, taking care, as above, to let the ſouth 
poles be towards the marked end of the 
bar; rub this in the like manner; then turn 


the bars A C, B D, with the ſides that 


ſtood towards the table upwards, and re- 
peat the operation on thoſe other ſides. 
This being done, take up the two bars 


AC, B D, and let them form the inner 
two of the compound magnet; and place 
thoſe which were before the two outſide 


ones, between the pieces of iron, or con- 
ductors, and rub them with the compound 
magnet ſormed out of the other four bars, 


in the ſame manner as before. This ope- 


ration 
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ration muſt be repeated till each of the ix 
bars has been rubbed four or five times, by 
which means they will acquire a conſider. 
able degree of magnetic power. | 
When the ſmall bars have been thus ren- 
dered magnetic, in order to communicate 
the magnetiſm to the large bars, lay two 
of them upon the table, between their two 
conductors, or pieces of iron, in the ſame 
manner, and with the ſame precautions, as 
were uſed for the ſmall bars; then forma 
compound magnet with the fix ſmall 
bars, placing three of them with the 
north poles downwards, and the three 
others with their ſouth poles. down- 
wards. Place thoſe two parcels at an an- 
gle, as was done with four of them, 
the north extremity of one parcel being 
put contiguous to the ſouth extremity of 
the other, and with this compound mag- 
net ſtroke four of the large bars, one after 
the'other, about twenty times on each fide, 
by which means they will acquire ſome 
magnetic power, 
When the four large bars have been ſo 
| ey rendered 9 the ſmall bars are 
laid 
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laid aſide, and the large ones are ſtrength- | 


ened by themſelves, in the ſame manner as 
was done with the ſmall bars. C 
With ſome fort of ſteel a few ſtrokes are 
ſufficient to impart to them all the power 
they are capable of retaining ; other ſorts 


require a longer operation z and ſometimes 


it is impoſſible to give them more than a 
juſt ſenſible degree of magnetiſm. 

In order to expedite the operation, the 
bars ought to be fixed in a groove, or 
between braſs pins; otherwiſe the attrac- 
tion and friction between the bars will be 
continually deranging them, when placed 
between the conductors, 

After what has been ſaid in the pre- 
ceding pages, the reader may eaſily come 

rehend the reaſons of the operations here 


. deſcribed, for e artificial 295 
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21 EXPERIMENT V. 


To communicate magnetifin by means of two 
- magnetic bars. | 
It may be readily underſtood, that in 
order to communicate magnetiſm by means 
of two magnetic bars, the operation goes 
on much in the ſame manner as in the 
preceding experiment; but as it is more 
convenient to uſe two bars, and as the ob- 
ſervations which may be made on the uſe 
of them are alſo applicable to the other 
methods of communicating magnetiſm, I 
thought proper to treat of it apart. 

In order to communicate magnetiſm to 

a ſteel bar, to the needle of a_compals, 
_ place the bar or needle AB, fig. 16, 
plate II. upon a table; then place the two 
magnetic bars C D, E F, ſtraight up upon 
A B, at a little and equal diſtance from the 
middle of the bar A B, and in ſuch manner 
as the ſouth pole D of one of the bars may 
be neareſt to that end of the bar AB, 
which is required to become the north 
St "7 pole, 
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pole, &c. then, theſe two bars muſt be 
{lid gradually towards one extremity of the 
bar, keeping them conſtantly at the ſame 


diſtance from each other; and when one of 7 


the magnetic bars, for inſtance C D, is ar- 
rived at A, then they muſt be {lid the con- 


trary way, till E F arrives at B; and thus 


the bar A B muſt be rubbed a greater or 
ſmaller number of times till it will be 
found, by trial, to have acquired a con- 
ſiderable power. When the magnetic bars 
are powerful, ons the bar AB is of very 
good ſteel, and not very large, a dozen of 


trokes- are fully ſufficient. —When the 


magnetic bars are to be removed from the 


bar AB, care muſt be had to bring them 


to the ſame ſituation where they were firſt 
placed, viz. at a little and equal diſtance 
from the middle of the bar A B, and then 
they may be lifted up. why 


In this operation the effect of the bars 
may be improved ſeveral ways, which will 


be found neceſſary when the bar A B is 


proportionably large, and it is required to 
give it the greateſt poſſible Power. This 
may be — firſt, by Joining the mag- 
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hetic bars at top, interpoſing a piece of 
wood or other ſubſtance, except iron, to 
keep them apart, as ſhewn in fig. 17; for 
in this mariner, the npper poles of the bars 
being contiguous, will tend to ſtrengthen 
each other, and, of courſe, their lower 
poles will alſo be ſtretgthened. Secondly, 
by placing the bar, to be rendered magnetic, 
between two bars of foft iron, or two other 
magnets, "as ſhewn in fig. 17. or in the 
manner directed in the precedin gexperiment. 
Thirdly, the magnetic bars may be inclined 
_ the contraty way, after the manner uſed by 
Mr. Aepinus, fig. 18. plate IT. fo that the 
magnets CD, EF, may make an angle of 
about 15 degrees with the bar AB. 

wh he bar A B may, in the ſame manner, 
be rendered magnetic by means of an 
armed magnet, as ſhewn in fig. 19. or by 


a a horſe-ſhoe magnet, as ſhewn in fig. 20. 


placing both the poles of the en 
contact with the bar, e. 

n all thoſe methods the bat to be ren- 
dered magnetic muſt be ſtroked on every 
ide; and in order to let the magnetic cen - 
tre fall juſt in its middle, care muſt be had 


to 
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to ſtroke one half of the bar 1 as often 
as the other half. | 
Whenever a ſteel bar, or in and. 2 


piece of ferruginous ſubſtance, is rendered 


magnetic-by applying two bars, or when- 
ever two magnetic poles are applied to it 
at the ſame time, as uſed in this and the 
preceding experiment, the operation is 
uſually called the double touch, in diſtinc- 
tion from the /ng/e touch, which is when 


only one a en is applied to it. 


en IMBNT.. VI. Au 4:59 
Te communicate the magnetic power fo crooked | 


feel bars. FE NR "gy 


Artificial magnets are frequently made 


in the ſhape of a ſemicircle, or like a 
hor ſe- ſhoe, for the ſake of bringing both 


poles in the ſame plain. Theſe are ren- 


dered magnetic in the ſame manner as the 


ſtraight bars, excepting only, that the mag- 


netic bars which are uſed for it, muſt fol- 
low the curvature of the ſteel bar; thus, 
if it be required to render magnetic the 


piece of ſteel A B C, fig. 20, plate II. 


place 
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240 PRACTICAL MAGNETISM. 
place it flat upon a table, and to its ex- 
tremities apply the magnets D F, EG; 
joining their extremities F G with the 
conductor or piece of ſoft iron F G. 
Then apply the magnetic bars H, I, to 
the middle of the piece A B C, and ſtroke 
it with them, from end to end, following 
the direction of the bent ſteel; ſo that on 
one ſide of it the magnetic bars may ſtand 
in the direction indieated by the dotted re- 
preſentation LK. In this manner, when 
the piece of ſteel has been rubbed a ſuffi- 
cient number of times on one ſide, turn 
the ether fide upwards, and repeat the 
operation till it has acquired a ſufficient 
degree of magnetiſm. 

In this operation the ſame precautions 
muſt be followed as were recommended 
for the method of communicating the 
magnetiſm to ſtraight bars, viz. -the mag- 
nets D F, E G, as well as the magnets 
H, I, muſt be placed ſo that their ſouth 
poles muſt be towards that extremity of 
the bent ſteel which is required to be 
made the north pole, and their north poles 
towards: 1 other extremity. The mag- 
" nets 


t 
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nets I. H muſt be firſt placed on the mid- 
dle of the bent ſteel; and after having 
drawn them over one leg of it as often as 
over the other, in order to let the mag- 
netic centre fall juſt in the middle of the 
bent ſteel, they are removed, Se} - 


'ExPERIMENT VII. 


To communicate magnetiſm by the application 


F only one magnetic pole. 


If a perſon. have only one magnetic bar, 


or a terrella, with which he wiſhed to. give 


| magnetiſm to a needle or other bar, the 


only way of effecting it is, to apply one pole 
of the terrella, or magnetic bar A B, fig. 


22, plate II. to one extremity C of the 


needle, and to draw it all along the ſur- 
face of it till it reaches to the other ex- 
tremity D; then the magnet being re- 


moved muſt be applied again to the ex- 


tremity C, and muſt be drawn over the 
needle as before. Thus the needle. mult 
be rubbed ſeveral times, by which means 
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plied again to C, this extremity, having 
acquired the north polarity, will have that 


will never be ſo advantageous as when 
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it will acquire a conſiderable degree of 
magnetiſm, | I 

It muſt be obſerved, that the extremity 
of the needle which the pole of the mag- 
net touched laſt, acquires the contrary po- 
larity. Thus, in the preſent inſtance, if 
B be the north pole of the magnet, then 


the extremity D of the needle will after. 


wards be found to have acquired the ſouth 
polarity, and the other extremity C, the 
north. | 

In this operation it is evident, that after 
the firſt ſtroke, when the magnet is ap- 


power deſtroyed by the vicinity of the 
north pole B of the magnet ; ſo that it 
ſeems that every ſtroke undoes what was 
done in the preceding; however the fad 
is, that by repeating the ſtrokes the power 
is increaſed ; but, in general, this method 


more than one magnetic pole is uſed; 


hence it ought not to be uſed excepting in 
caſe of neceſſity, viz. when one has only the 
| ren 


one magnetic bar or terrella. 
0 EXPERIMENT 


ENT 
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ExTTRININT VILL. 


To ſhew the diſadvantages arifing f the 
improper uſe of magnets of different power, 


2d off feel not properly hardened. 


After having communicated the mag=- 
netic power to a ſteel bar, by means of a 
given magnet, examine its power; then 
take a weaker magnet, and with it rub 
the ſteel bar again in the ſame direction 
as was done before ; uſing the ſame pole, 
and, in ſhort, following exactly the fame 
operation; after which it might be expected, 
that the magnetic power of the ſteel bar 
was increaſed; but, on the contrary, it will 
be found that its power is diminiſhed, 
being now not ſtronger than if the ſteel bar 
had been rendered magnetic by the ſecond 
weak magnet alone. 

In this experiment it is required that 
the ſecond” magnet, though weaker than 
the firſt, yet be not. ſo ſtrong as to 
render the ſteel magnetic to its point 

R 2 +1. r:6f 
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of ſaturation, viz. as much as it can 
hold ; for in that caſe the difference 
between the effects of the tuo magnets 
could not be obſerved. 5 

It appears, therefore, that if in com- 
municating magnetiſm, it be adyantageous 
to uſe weak magnets firſt, and then ſtronger 
ones, yet the contrary 1s detrimental. 

In reſpect to the ſoft nature of the ſteel 
thats uſed for artificial magnets, it muſt be 
obſerved, that ſoft ſteel, or iron, beſides 
its loſing the magnetic power very eaſily, 
is ſubject to acquire more than two poles. 
This may be obſerved in the following 
manner: Take two wires, about fourteen 
inches long, and an eighth of an inch in 
diameter; and let one be of ſteel, quite hard, 
and the other of very ſoft ſteel, or of iron, 
but not of the ſofteſt ſort; then, by means 
of magnetic bars, render theſe two wires 
magnetic, one after the other, treating them 
both alike, and it will be generally found, 
that the wire of hard ſteel will have ac- 
quired only two magnetic poles, one at 
each extremity ; whereas the other wire 
will have more than two poles. 

5 EXPERIMENT 
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EXPERIMENT | IX. 


To improve natural magnets 


The ſame means by which ſteel bars 


are rendered magnetic, or are ſtrengthened 


in power, may be applied to increaſe the 
power of a weak natural magnet, or to 


render magnetic certain iron ores; but as 


the natural magnets are in general. very 
ſhort, 'one can ſeldom do more than place 
them between ſtrong magnetic bars; how- 
ever, when they are ſufficiently long, be- 
ſides putting them between magnets, they 
muſt be rubbed with other magnetic bars, 
in the fame manner, and uſing the ſame 
precautions as were recommended in the 
methods of making artificial magnets. 
For this operation it is always proper to 


remove the armature from the natural 


magnets if they have any, as is generally 
the caſe. | 5 | 


R3 CHAPTER 
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CHAPTER VI. 
Of the uſe of the Magnetical Inſtruments. 


HE magnetical inſtruments may be 
reduced 'to three, viz. the magnetic 
bars, the compaſs, and the dipping nee- 
dle. There needs nothing more be ſaid, 
in particular, relating to the magnetic bars; 
their uſe in communicating magnetiſm to 
other bodies, and in diſcovering the pre- 
ſence of iron in various ſubſtances, having 
been already ſufficiently examined. 

As to the uſe of the ſimple pl 
the reader can hardly expect any farther 
explanation; for as its office is to place itſelf 
always in the ſame poſition, it ſerves to ſhew 
the bearing of different places, eſpecially 
where there is no other fixed object to 
guide the obſerver. It may be only pro- 
per to remark, that at ſea, when the veſ- 
ſel is very much agitated, and of courſe 
the card of the compals is not ſteady, the 
beſt way of determining the true direction of 
the veſſel, is to take a mean between the 

| extremes 
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extremes of the vibrations of the needle. 
Thus, ſuppoſe the card was to vibrate, ſo 
that its north and eaſt points were the ex- 
tremes of the vibrations, viz. thoſe points 
did alternately coincide with the fixed line 
in the box, then the true direction of the 
veſſel would be N. E. or nearly fo. _ 

But as the magnetic needle ſeldom points 
due north and ſouth, the bearings of places 
cannot be accurately known by the com- 
paſs, unleſs its declination be aſcertained; 
which is eaſily known on land, by means 
of a variation compaſs placed in the true 
meridian of the place; but in order to 
aſcertain it at ſea, by means of the azi- 
muth compaſs, there requires an obſerva- 
tion of a celeſtial object, and ſome cal- 
culation. I ſhall now add the rules ne- 
ceſſary to perform this operation, but with- 
out going any farther than the mere opera- 
tion; it being incompatible with the na- 
ture of this work to explain the aſtrono- 
mical and mathematical principles upon 
which thoſe rules depend. 
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DEFINITIONS, 


The true amplitude of a celeſtial object, 
is an arch of the horizon contained be- 
tween the eaſt or weſt points of the, ho- 
rizon, and that point of the ſaid horizon 
which the centre of that celeſtial object 
cuts in its riſing or ſetting. | 

The ſun's amplitude f is Es gt eaſt- 
ward in the morning, and weſtward in the 
afternoon; and its quantity is accounted 
from the eaſt or weſt points, towards the 
north or ſouth. Thus, if the ſun, in ſet- 


ting, were to paſs two degrees northward 


of the welt point of the horizon, then it 
is ſaid that the ſun's weſtern amplitude is 
two degrees north. 

The true azimuth of | a celeſtial obje i is 
an arch of the horizon intercepted” be- 
tween the north or ſouth point, and that 


point where a plain, paſſing through the 


zenith and the r 8 object, cuts the 


horizon. 
The ſun's azimuth is reckoned eaſtward 


in 
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in the morning, and nn in the aftec⸗ 
noon. 

It is uſually eſtimated fo the ſouth, 
or from the north, according as it is neater 
to the one or'to the other of thoſe points. 
Thus, if it be found, by obſervation, that 
the plain, which paſſes through the zenith 


and a ſtar, cuts the horizon juſt midway 


between the caſt and the ſouth, then it is 
ſaid that the ſtar” $ azimuth f is 45 * calbyrara 
of ſouth. 

The magnetic amplitude of a celeſtial ob- 
ject i is its bearing by the 9 when i in 
the horizon. 

The magnetic azimuth of a celeſtial ob- 
jet is its bearing by the . when 
above the horizon. 

The variation is found by comparing 
together the true and magnetic amplitudes 
or azimuths A celeſtial objects. 3 


ä PROBLEM 
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PROBLEM I. 


To obſerve at ſea the magnetic amplitude of 
 @ celeſtial object with the azimuth com- 


_ paſs. 


Place the compaſs on a ſteady place, 

from whence the horizon may be clearly 

ſeen ; and, looking through the ſight vanes 

of the compaſs, turn the inſtrument round 

till the centre of the ſun, or other celeſtial 

object, may be ſeen through the narrow 

lit which is in one of the ſight vanes, 

exactly on the thread which biſects the 

aperture in the other ſight vane ; and when 

the centre of the celeſtial object, whether 

| riſing or ſetting, is juſt in the horizon, 

puſh the ſtop, in the ſide of the box, ſo 

as to ſtop the card, and then read the de- 

| gree of the card which ſtands juſt againſt the 

fiducial line in the box, which is the am- 
plitude ſought. ro N 

In this operation ſome allowance muſt 

be made for the height of the obſerver's 

eye above the level of the ſea. 


PROBLEM 
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PROBLEM II. 


To obſerve at ſea the magnetic azimuth of a 
celeſtial object with the azimuth compaſs. 


Situate the inſtrument in a proper place, 
as before, and looking through the nar- 
row flit in one of the ſight vanes, turn 
the box round, till the centre of the ce- 
leſtial object, when above the horizon, 
may he ſeen. to coincide with the thread 
in the flit of the other fight vane, or till 
the ſhadow of that thread, when the ſun 
is obſerved, falls exactly along the line of 
the index, and in the ſame inſtant ſtop 
the card ; then read the degree, as before, 
which is the azimuth ſought. | 

When the veſſel is very much agitated, 
this, or the preceding obſervation, is beſt 
performed by two perſons, in the follow- 
ing manner; viz. let one look through the 
alt lights, and turn the box till the centre of 
| tie ſun coincides with the thread, taking 
care to keep a conſtant ſight of the co- 
incidence, notwithſtanding the motion of 
EM =o "20 
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the veſſel. He muſt then ſignify that co- 
incidence by word or ſign to the other 
perſon, who muſt, at the ſame time, ob- 
ſerve what degree of the card is apainſt 
the fidycial line in the box. When the 
card vibrates very much, the obſerver mult 
take the middle degree between the ex- 
tremes of the vibrations, as mentioned in 
the beginning of this Chapter. 

N. B. At che {ame inſtant in which 
the magnetic azimuth of a/ celeſtial object 
is obſerved, the altitude of theſſame 1 
| muſt be taken with ; A a wks 
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en III. 


7 he latitude of the place of 8 Fr 

l the declivation of a celeſtial object, being 
. to a be erat W of that 
ante cos is che > Tong vir. 1 the 
coſme of the latitude is to the radius, as 
| the fine of the declination is to the coſine 
of 'the amplitude, "The firſt; ſecond, and 
third” members of this analogy being 
known, 
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known, the fourth, viz. the amplitude, is 
found by the common rule of proportion, 
which, by the help of a W ta- 
ble, is performed thus: b 

Add the logarithm of Ah 1 * Fo 
clination to the logarithm of the radius, 
and from the ſum ſubtract the logarithm 
of the coſine of the latitude. The re- 
mainder is che logarithm. of the coſine of 
the amplitude. For inſtance, in latitude 
389 25+ north, the ſun's declination, being 
18756913 R 8 


LI 


Log. ſine of 18* 59” = 9,8122) 
Log. 'of radius = - Ls eng th 


uy * 


Sum . 0 «4h =, 1 eee 
Log. coſ. of mY k 25% 989405 


„ Reqpainder 3 8 ble 


which ke Auges of 24* 32" * 0 ' 
plitude required; which is of the ſame 
name with the given declination, vig. 
north When the declination is north, as in 
the preſent inſtance, and ſouth when the 
declination i is ſouth, 3 6 
elt io amt an td du 550 St 
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PROBLEM HER 


The latitude of the place of objervation; the 


declination of a celeſtial object, and its al- 
_ ritude, being given; Oe the trut ani 


boar e 


If the declination a6 latitude be both 
north, or both ſouth, call the codeclination 
A; but if they be one ſouth, and the 
other north, add go* to the declination, 
and call the ſum A. 

Call the difference between the colati- 
tude and coaltitude, B. 

Let the half of the ſum of A and B be 
called D, and the half of their 6 
be called C. 

Then add together the * following 
logarithms, viz. the arithmetic comple- 

ment of the logarithmic fine of the co- 
latitude, the arithmetic complement of the 
logarithmical fine of the coaltitude, the 


logarithmic fine of D, and ſhe logarithmic 


ſine of C. 


Now take half the ſum of thoſe four 
2 | logarithms, 


Our 
ms, 
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logarithms, and that is the logarithmic 
ſine of half the azimuth required. 


For inſtance, in latitude 40* 38“ north, 
the ſun's altitude in the afternoon was 


207 40“, and its declination 17* 10 ſouth; 


required the ſun s azimuth for that time. 


The declination + 90“ 105 10% 4 
The coaltitude | — — 69 1 4 | 
The colatitude | - — 49* 22 1 
The difference | * — ' 19* 52/ = B 
The half ſum of A and B = 63 31 =" D 


The half difference of A and B = 43+ 39/' = "C 
The arith. compl. of log. fine of colat. = 3 
The arith, compl. of log. ne of coalt, = 0,02917 
The log. fine of D - - = 9795185 
The log. fine of C . en 


Sum of thoſe four logarithms 3 19,93985 
the half of which is 9,96992, and this 
is the logarithmic fine of 38“ 55; the 
double of which, viz. 77 50, is the re- 
quired ſun's azimuth from the north ound 
of the horizon. 


PROBLEM 


* 
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Fes V. | 
e true and magnetic e 's or axi- 
 muths, of a celeftial object, being given, to 

, aſcertain the variation of the 2 for 


tat time and Place. 


Let the amplitudes, - as well aa hs a. 
muths, be all reckoned from the north 
point, which is done by ſubtracting it 


from 90. when the amplitude is north- 
ward of the eaſt or weſt points, or by ad- 


ding it to go* when it is ſouthward of the 
faid points ; then either the. magnetic am- 
plitude is leſs or greater than the true am- 
3 

When the magnetic amplitude is leſs 
4 the true, and they are both on the 
ſame ſide of the north point, their dif- 
ference is the variation towards the con- 
trary ſide of the north; but if they be on 
different ſides of the north point, then 
their ſum is the variation towards the lame 
ſide with the true amplitude. 


Wyen x3 __ amplitude is greater 
than 


To of 


Fe 
quire 
the n 
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than the true, and they are on the ſame ſide. 
of the north point of the horizon, their 
difference ſhews the variation towards the 
ſame ſide; but if they be on different 
fides, then their ſum is the variation to- 
wards the ſame fide with the true ampli- 
tude. Thus, if the magnetic amplitude 
is 80* eaſtward of north, and the true am 
plitude is 82* towards the ſame fide, then 
the variation is 2* weſt ; and if the mag- 
netic amplitude be 76* eaſtward of north, 
whilſt the true is 5* weſtward of north, 
then the variation is $1* welt. F 

What has been here ſaid of the am- 
plitudes, muſt be likewiſe underſtood of the 
aimuths, when tbe variation is to be eſti- 
mated from them. | 
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5 PROBLEM VI. 
n To obſerve the dipping of the magnetic needle. © 


For this operation nothing more is re- 


e 

quired than to place the dipping needle in 
er the magnetic meridian, which muſt be aſ- 
in 8 cCetrtained 
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certained by means of a good compaſs ; 
but then the two inſtruments muſt be 
placed ſufficiently far from each other, 
Sometimes the frame which holds the dip- 
ping needle is furniſhed with two ſight 
vane on an index, which moves horizon- 
tally, and through which a diſtant object, 
the bearing of which is accurately known, 
may be kept in view, in order to fix the 
dipping needle in the magnetic meridian; 
taking care to let the plain of the needle 
form the neceſſary angle with the index, or 
bearing of the diſtant object; which is 
ſhewn by the divided circle Jos under cid 
index. 

To compenſate in ſome manner for the 
poſſible want of balance, the poles of the 
dipping needle are uſually reverſed, by 
means of magnetic bars ; ſo that its two 
ends may be made to dip alternately, and a 
mean is taken of the two or more obſerva- 

The greateſt imperfection of the dip- 
ping needle is, that the magnetiſm of the 
earth acts upon it differently according to 
its different degrees of inclination, and alſo 

+ | according 


Ini 


lar 


fit 
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according to its greater or lefs magnetid 
power. This property, which. at firſt 
ſight ſeems to be rather paradoxical, will 
be rendered evident oy: the! e 
planation. 

Let A B, fig. 18 of FEY I. 1b hs 
dipping needle; the circle, E F, repreſent-- 
ing one end of its axis; the lower part F, 
of which reſts upon the ſupport CD; and 
E F is the line which paſſes through the 
centre of the needle, and divides it into 
two equal parts. It is evident, that before 
the needle has acquired any magnetiſm, if 
it be of a uniform figure, and the axis be 


4 truly cylindrical, and placed in its middle, 
- the needle muſt remain in any ſituation” it 
A is placed, becauſe the perpendicular raiſed 
by from the point where the axis E F touches 
10 the ſupport C D, paſſes always through 


ls the centre of the needle, dividing it into 


a- two equal and like parts; ſo that the nee- 


dle is perfectly balanced in any degree of 
ip- inclination. But it muſt ' be remarked, 


the Y that though the needle be perfectly ba- 
g to lanced, yet when it ſtands in an inclined 
alſo RO as ſhewn in fig. 24. the part of 
ling 82 3 
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it G A, which ſtands above the ſupporting 


point G, is longer than the part B G, 


which ſtands below it; and this difference = 


increaſes as the inclination increaſes, be- 


cauſe the axis of the needle is not a mathe- 
matical line, but a body of a certain 
diameter; ſo that when the needle 
ſtands perpendicular, the part of it 
which lies above the ſupporting plain 


exceeds the other part juſt by the di- 


ameter of the axis. Now, when the 
needle is inclined, as in fig. 24. ſuppoſe 


that two equal and like forces be applied to 


its extremities A and B, it is evident, that 


the force applied to the extremity A muſt 
have more power to move the needle than 
that applied to B, , becauſe G A is the 
longeſt lever of the two. This inequality 
of effect muſt increaſe with the inclina- 
tion, and is greateſt when the needle ſtands 
perpendicular, | 

The application of thoſe PLING takes 
place when the needle is made magnetic ; 
for as the greateſt attractive and repulſive 
powers between the magnetic poles of the 
earth, and the poles of the needle, act 


upon 


OI 


— — 4 
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upon the extremities A and Bi the irregu- 


larity above mentioned muſt increaſe with 
the inclination, and with LIE: of _ 
needle's magnetic power.. 

Various methods have been dd in 
order to compenſate for this-irregularity ; 
but none has yet been found to obviate it 


perfectly; and they wen eee | 


new . ee 54 d 0 


CHAPTER, . 


Promiſcuous Experiments. 


EXPERIMENT 1. 
The magnetic paradox. 
PON the table A B, fig. 25, of 
plate II. place a piece' of iron wire, 
not above a tenth of an inch long. Let 


the magnetic bar E F be held at about 4 
or 5 inches above the table, with either 
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chat the perpendicular let fall from it to 
the table may touch the table at G, viz. 
two or three inches diſtance from the iron 
wire; thoſe diſtances, however, are ſub- 
je& to a good deal of variety, ariſing ol 
the;power of the magnet. 
By the action of the ; magnet the. irgo 
wire will elevate one of its, ends, as repre- 
ſented by C D, forming with the table 
an angle, which is larger the nearer the 
wire comes to the point G, where it ſtands 
quite erect, 

In this fituation, if you give gentle 
knocks to the table, the wire C D will 
gradually proceed towards &, every knock 
making it jump up and advance a little 
way. The reaſon of which a ſuperficial 
obſerver would immediately attribute to the 
attraction between the magnet and the iron 
wire, which being not ſufficiently ſtrong 
10 raiſe the wire from the table, has juli 
power enough to draw it a little nearer 
zo the point G, when, the motion. of the 
WS lifts it up. 

Thus far the experiment ſhews nothing 


extraordinary ; 


— 
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extraordinary ; 3 but if it be repeated with 
only this variation, v/z. that the magnet, 
inſtead of being held above the table, be 
placed below it, vi. at H I; the event 
will be, that the wire, which will now 
make an obtuſe angle towards G, as repre- 
ſented by K L, on knocking the table will 
gradually recede from the point G, ſhew- 
ing as if the magnet repelled it; which 
has given to this experiment the name of 
tnagnetical paradox ; for, in fact. the mag- 
net attracts the wire. 

This phenomenon reſults from the di- 
rective property of the magnet acting at 
a greater diſtance than the attractive, as 
has been explained in Chapter VIII. of 
the firſt Part of this work. 

In order to explain the immediate 
cauſe of this phenomenon, it muſt be con- 
ſidered, that the wire K L, fig. 26, plate II. 
being rendered magnetic by the action 
of the magnet H, is inclined to it accord- 


ing to the abovementioned laws of the 


dipping needle; but, on account of its 
weight, and becauſe it is ſupported not in 
its centre, but by one end, namely K, 

3 which 
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which ſtands upon the table, it does not 


incline ſo much as it ought to do if it 


were. freely ſuſpended by. its centre, the 
end K now being a little higher than its 
proper ſituation. Let MN be the per- 
pendicular, which paſſes through the cen- 
tre of the wire. Now when, by the mo- 
tion given to the table, the wire is made to 
jump; this, whilſt remaining in the air, 
will take its proper inclination, as ſhewn 
by r Q: its centre remaining in the ſame 


perpendicular M N; for the directive 


power of the magnet H acts at a greater 
diſtance than its attraction. In this ſitua- 
tion it is evident, that a perpendicular PO, 
let fall from the lower extremity r of the 
wire, touches the table in a point farther 
from G than the point K; and as the 

wire after the jump comes down to the 


table again with the proper inclination, 


_ vis, parallel to r Q. it follows, that now 
its lower end muſt touch the table at O: 
and thus every knock will force it to re- 
cede a little more from the point G, which 
lies juſt over the magnet H. 

The ſame explanation applied to the firſt 


par t 
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part of the experiment, will ſhew that the 


wire muſt in that caſe, vis. when the 
magnet is held above the table, approogh 
continually the point G. 

This experiment may be diverſified by 
uſing iron filings inſtead of the iron wire; 
for, in the firſt caſe, the filings diſperſed 
over the table will be gradually collected 
about the point G; and in the latter caſe, 

the filings placed about the point G will 

be gradually forced to receds from that 
3 


-- 
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E xYERRINMENT II. 
To arm natural and artificial magnets, _ 


When a piece of natural magnet is re- 
quired to be armed, the firſt operation is 
to find out its poles; then let the magnet 
be properly ſhaped, viz. either in the form 
of a terrella, or in the more uſual one of : 
a parallelopipedon, in which latter caſe 
care muſt be had to let the poles fall about 
the middle of two oppoſite ſurfaces, in 
which 
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which direction the magnet ought to have 
the greateſt length poſſible ; it having been 
often obſerved, that a natural magnet is 
weakened in power much more by cutting 
off a part of its length, in the direction of 
the poles, v2, ſo as to make the magnetic a. 
axis.ſhorter, than in any other direction. th 


After having ſhaped the magnet pro- 


perly, let two plates of ſoft iron be made, 
| equal in breadth to thoſe ſurfaces where 
the poles ſtand, and to project a little way 
on one fide of the ſtone, as ſhewn by fig. 1, 
plate I. Thoſe projections D, D, muſt 
be much narrower than the breadth of the 
plates. For magnets fmaller than one 
ounce, the, lower ſurfaces of the projec- 
tions to which the iron F is to be applied, 
need not be larger than about one tenth of 
an inch; and from a quarter to half an 
inch is ſufficient for larger magnets. 

The thickneſs of the plates C D, CD, 
muſt be proportioned to the power of the 
magnet; there being a certain ſize, which 
is the propereſt for any magnet, a larger 
or ſmaller thickneſs than which being not 
ſo advantageous. This thickneſs cannot 
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hence the beſt way is to make them very 


and examining " the power of the magnet 
alternately ; for the power increaſes gra 
dually till a certain degree, at which limit 
the ling ought to be diſcontinued. 


be kept on by tying, or by a box, whe- 
ther of metal or of wood ; but as the box 
JL the moſt permanent, this ought to be 


1. preferred and it may be made of any metal 


uſt WF excepting iron or ſteel. 


he When the magnet is ſpherical, the ar- 


ne mature, or pieces of iron, muſt. be adapted 
ec- N vo that ſurface, - and caah to cover ren # 


ed, Wl quarter of it. | 

1 of i What has been here ad e about che na- 
tural magnet, is equally applicable to the 
tificial ones; ſo that many magnetic bars 
may be joined together, and may be armed 
o as to form a a very powerful 9 
nag net. 

The armature rather Rrengthens the 
power of the magnet, for the ſame reaſon 
for which a piece of iron, affixed to a 
Inagnet, tends to render it more powerful. 
If 


be eaſily determined without actual trial; | 


thick at firſt ; then filing a little off, 


It is indifferent whether the armature ; 
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If the artificial magnets * made in the 
ſhape of a horſe-ſhoe, or of a ſemicircle, 
then there is no need of the armature, it 
being ſufficient to join them together, ei. 
ther by rivetting or by a box ; and, indeed, 
even with ſtraight bars the compound 
magnet may be made without the arma- 
ture ; but then, as the two- magnetic poles 
cannot act in the ſame plain, it is proper 
to have two of thoſe compound magnets, 
for the e purpoſe of giving, more conveni- 
ently, magnetiſm to other bodies v. 


C943. 4 © B 


fr, * By this means the late Dr. Gowin Knight « CON» 
ſtructed two very powerful artificial magnets, or ma- 
gazines of magnetic bars, which are now in the repo- 
fitory of the Royal Society. Each of thoſe maga- 
Zines conſiſts of 240 bars, diſpoſed in four lengths, ſo 
as to form a parallelopipedon, every length containing 
64 bars. All thoſe bars are kept together by means 
of jron + braces, and the whole is ſuſpended upon 
pivots and a proper wooden pedeſtal or carriage, fo as 
to be eaſily placed in any required poſition. For a far- 
ther deſcription of thoſe magnetic magazines, ſee the 
Phil. Tranſ. vol. . p. 591. | 
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EXPERIMENT III. 
To communicate magnetiſm to a needle by 
means of electricity. 8 
Place a ſmall ſewing needle, or a piece 
of ſteel wire, on a table, and connect one 
extremity of it with the outſide of a charged 
electric jar or battery , by means of a wire. 
Let the other extremity of the needle be 
donnected, by means of another wire, to 
one branch of the uſual diſcharging 
rod; then bring the other knob: of the 
diſcharging rod in contact with the knob 
of the jar or battery, ſo as to make the 
diſcharge, which paſſing through the nee- 
dle will render it magnetic, or reverſe its 
poles, &c. according to the circumſtances 
enumerated in the firſt Part of this work. 


* This jar or battery ought, at leaſt, to have two 
quare feet of coated ſurface, but this depends on the 
lze of the needle. See the writers on electricity 
for an explanation of the electrical inſtruments. 
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| To ſhew that magnetiſm requires a certain 
time to penetrate through apiece of iron. 


Place a bulky piece of iron, for inſtance, 
a'ſhort piece of about 40 or 50 1b. weight, 
. fideway of one of the poles of a may- 
netic needle, ſo as to draw the needle : 
little out of its natural direction. Then 
apply one pole of a ſtrong magnet to the 
fartheſt end of the iron, and you will find 
that there requires ſome time, viz. ſome, 
ſeconds, before the needle be affected by it, 
This time is difterent according to- the 
different ſize of the piece of iron, and of 


the power of the magnet. 
EXPERIMENT V. 
To imitate the natural magnets. 
Take ſome martial æthiops, or, which 


is more eaſily procured, reduce into very 
fine 
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fine powder the ſcales of iron, which fall 
from red-hot iron when hammered, and 
which are found abundantly. in ſmiths 
ſhops. Mix this powder with drying lin- 
ſeed=oil, ſo as to form it into a very ſtiff 
paſte, and ſhape it in a mould ſo as to give 
it any form you require, whether of a 
terrella, a human head, or any other. This 
done, place it in a warm place for ſomie 
weeks, and it will dry ſo as to become 
very hard. Then render it magnetic, by 
the proper application of powerful mag- 
nets, and it will acquire a conſiderable 
power *. n | 
i. |  ExPERIMENT 


* The late Dr. John Fothergill, giving an account” 
of ef Dr. Knight's magnetical machine, in the 66th" 
vol. of the Phil. Tranſ. p. 595, mentions the fol- 
lowing remarkable circumſtance; which, however, 
think muſt have been partly occafioned by ſome 
miſtake or miſinformation. ** I do not know,” ſays 
hz, that the Doctor left behind him any deſcription 
© of a compoſition he had made to form artificial load- 
e ſtones. I have ſeen in his poſſeſſion, and many 
other of his friends have likewiſe ſeen, ſuch àa com- 
ich MW *© poſition ; which retained the magnetic virtue in a 
manner much more fixed, than either any real load-" 
IN « ſtone, or an ic b | e 
5 > y magnetic bar, however well tempered, 
fine N g | « In 
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ExPERIMENT VI. 


To weaken, or to defray the magnetiſm of a 
wire, by bending. 


Communicate the magnetic power to 
an iron wire, or ſoft ſteel wire, of about 
four or five inches in length, and about . 


< Tn the natural ones, he could change the poles in an 
cc inſtant, ſo likewiſe in the hardeſt bars; but in the 
©« compoſition the poles were immoveable. He had 
4c ſeyeral ſmall pieces of this compoſition, which had 
te ſtrong magnetic powers. The largeſt was about half 
ct an inch in breadth, very little longer than broad, 
« and near a quarter of an inch thick. It was not 
&« armed, but the ends were powerfully magnetic; 
c nor could the poles be altered, though it was placed 
between two of his largeſt bars, and they were very 
<« ſtrongly impregnated. The maſs was not very 
heavy, and had much the appearance of a piece of 
< black lead, though not quite ſo ſhining, I believe 
dc he never divulged the compoſition ; but, I think, 
© he once told me, the baſis of it was filings of iron, 
ct reduced by long-continued attrition with water to 
« perfectly impalpable ſtate, and then incorporated 
& with toms pliant matter, to give it due conſiſt- 


s ence.” 4 
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of an inch in diameter then roll it round 
2 ſuiall tick, ſp as to make four or ſiue 
revolutions round the ſtick; after which, 
on ſtraightening the wire again, its mag 
netiſm will be generally found to be quite 
deſtroyed by the bending; or conſiderably 
weakened. 

The effect is the ſame with ſhorter or 
longer wires; for if they make one revo- 
lution round the ſtick, the effect will take 
place, which is evidently owing to the 
ſtreſs or derangement of the particles of 
the wire, as is rendered more evident by 
the following obſervation; viz. that if the 
wire be of ſuch ſpringy nature as to re- 
cover its ſtraight ſituation if left to itſelf 
after coiling. it round the ſtick, then. its 
magnetiſm is either not at all, or little di- 
' miniſhed ; ſo that in order to produce the 
above- mentioned effect, a ſtraining of the 
parts of the wire is abſolutely neceſſary. 

When only the middle of the wire is 
bent, and its extremities remain ſtraight, 
then the magnetiſm is ſeldom N or 
& cven diminiſhed, | 
of :& | | If 


C 
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If a piece of magnetic wire be cleft or 
Sin lengthways, the parts will have ſome. 
times contrary, and ſometimes the ſame 
poles as they had when in one piece. 
When one part is much thinner than the 
other, then this ſlender part will generally 
have its poles reverſe. 
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TAVING:- in te: „ Sg 2 
taken notice of whatever had been 


aſcertained with reſpect to magnetiſm, and 
of the experiments which ſeemed ee 
to prove thoſe magnetical laws, I ſhall - | 
now ' briefly relate thoſe experiments 'of © 
mine relative to magnetiſm, which - were 
attended with ſome apparently uſeful event, 
arranging in each chapter thoſe particulars 
which are naturally more connected to- 
gether, without paying any regard to 
the time in which the experiments were 
made, and alſo without mentioning a va- 
riety of unſucceſsful trials, or of pro- 
1 not n . een aft, 
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CHAPTER 1. 
Deſcription of a inew hort of TJuſpen/ion for a 


magnetic needle, principally intended for 
 afeer tem. finalh degrees of\ magnetic at. 
traction; and ſome remarks on the * of 
. . 


— 7 


REVIOUS to 2 narration of the 
experiments on the magpetiſm of. braſs 
and. of iron, in its different ſtates, which 
arę to be related in this; Bart, I ſhall de- 
ſcrihe the magnetic needle generally uſed 
far thoſe experiments, which! is ſuſpended 
in a particular; manner; it being a very 
ſimple, andd at the ſame time a very nimble. 
ſoxt of ſuſpenſſon 

Experience having ſhewn.. that, large: 
magnetie-needl}ss are not proper for expe- 
riments wherein a very ſmall degrees of 0 
magnetiſm muſt be aſcertained, and; the 
free; motion of: the uſual ſmall}; necdles 
being proportionablj more. obſtructed by 
the natute of their ſuſpenſion, even When 
furniſhed with agate _ I endeavoured 

; 1 to 
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to contrive * fort of ſuſpenſion which 


might anſwer the purpoſe better than the 
needles ſuſpended in the uſual manner; 


and, after feverd attempts, at laſt f cofl⸗ 


ſtructed a chain of horſe- Hair, cohſting 


of five or fix links, to which the nente 
was ſuſpended. Each link is about three 


quarters of an inch in diameter and the | 


exttemities of each piece of Hair, which 


is formed in a ring, are joined by 4 knot, | 


and ſecured by a little ſealing-wax, The 
link on one end of this chain is lauf pended 


on a pin in à proper frame, or on any ſup- 


port that may be at hand; and to the link 
of the other extremity, which lies Iower- 
moſt, a piece of fine filver wire is hooked. 
This wire is about an inch and a Half 


long, and its lower extremity i 18 f. ſtebed 


round a ſmall and cylindrical piece of 
cork, through which à common ſewing 

needle, - made magnetic, is thruſt bort 
z0ntally. Thus the magnetic needle 1 is 
kept ſuſpended by a hair-chain, the links 
of which, on account of the ſmoothneſs 


and lightneſt of tHe hair, move very freely | 


in each other, and allow the needle more 
3 than 
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than a whole revolution round its centre, 
with ſo ſmall a degree of friction as may be 
conſidered next to nothing. By compar- 
ing this needle with others of the beſt 
ſort now in uſe, I find it much more 
ſenüble; for when bodies which have 
an exceedingly ſmall magnetic power are 
tried, this needle will be frequently at- 
tracted by them when the others are not 
ſenſibly affected. 

In order to try farther the delicacy of 
ſuch ſuſpenſion, I placed a piece of look- 
ing-glaſs under the needle, and nearly ho- 
rizontal ; ſo that the image of the needle 
was ſeen.in it. Now, as a fine line 
had been previouſly marked on the. glaſs, 
things were ſo diſpoſed as that the image 
of the needle might coincide with the line 
marked on. the. glaſs, the eye of the ob- 
ſerver being placed in a proper point of 
view; afterwards, by ſhaking the needle 
either very. gently or very quickly, 
I repeatedly endeavoured to place it out 
of the magnetic meridian ;_ but every 
endeavour proved ineffectual, for the nee- 
dle 
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dle conſtantly ſettled in the ſame ede 
without any ſenſible deviation. 


With a needle thus ſuſpended a vari- 


ation compaſs might be very eaſily con- 


ſtructed, and it would, perhaps, be more 


accurate than thoſe commonly in uſe. For 


this purpoſe the needle ought to be about 


three inches long, and the piece of look - 
ing-glaſs ought to be fixed upon the index 
of an Hadley's ſextant, which muſt be 
placed horizontally under the needle, with 
its edge or fiducial line in the meridian 
of the place, in order to obſerve. the daily 
variation of the needle. I have made only 
a rough model of ſuch a variation com- 
paſs, and it ſeemed to anſwer very well. 
This conſtruction appears to have the fol- 
| lowing advantages over the common ſort : 
1ſt. The needle being cylindrical, and with- 
out a hole through. the middle, would be leſs 
ſubject to have more than two poles. adly. 


The needle being ſlender, its poles would 


ſtand more exactly in its axis, which with 
the common flat needles is ſeldom the caſe. 
z4ly. It will appear, by a little conſidera- 

T 4 tion, 
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tion, that 1 in this confirution "there 1s no 


need of the 'necdle's centre of motion 
keeping always in "the ſame invaria le 
point, which renders the obnſtruction both 
a very eaſy and very accurate, And, Uftly, 


as the ſextant may be placed at a conſider- 


able diſtance below the needle, and tho X 


21 T1) .,2 


reſt of the frame ma be made of any ſize, 
there would be no been of lacing at ny. 
braſs or other metal ſo near "al needle” as 
might affect it in "caſe this metal had any 
magnet, "which RY happens with 
braſs. irh 16 22 | 
In wer to examine the m nagnetiſm of of 
divers ſubſtances, beſides the above de- 
ſcribed needle, I uſed to place the ſub. 
ſtance to be examined, upon water, ſome⸗ 


times reſting it upon flat pieces of cork 


or 2 quickſilver, which laſt method, ä 


74 


is however very troubleſome on "account 
of the following circumſtances,” or which 


reaſon I generally contented myſelf” with 
uling only Tas needle ſuſpended by'; a | hair 


< + ont aan 11:7 rom 
chain. | 


In the courſe of the experiments in 


which 
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which quickſilyer was pled, I obſeryed a 
remarkable phenomenon, . reſpecting the 
ſurface of that metal; it is, that though 
ſubſtances will float upon it wonderfully 
nimble when it is fyſt poured out into the 
open veſſel, yet a ſhort time after, piz. 
alter having remained for ap hour or tway 
and often a ſhorter time, ip the gpen vel) 
ſel, a piece of braſs or other ſubſtance wil 
by no means float upon it wich equal fan 
cility ; ſo that ſame ſubſtances, which af 
ter firſt pouring out the quickfilyer into 
the open veſſel were eyidenptly attracted by 
the magnet, an hour after dens dat in 
the leaſt moved by. it. 

The only effectual method which would | 
render . the, quickſilver again fit for the 
purpoſe, was to paſs, it through a funnel 
of paper, as deſcribed in page 180 z which 
operation I haye been obliged ſometimes 
al repeat four or five times in about "ma 

urs tune. 10 

Tbeß i Gas, to he. formed. a kind of 
cruſt upon the, ſurface of the mercury: 
thus expoſed, which, though. innilible. by | 
mere a may . perceived by moy- 


ing 
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ing the floating ſubſtance upon Ie; 805 
ſoon after, having paſſed the Naickndder 
through the paper funnel, the floating ſub- 
ſtance, when moved, ſeems to proceed by 
_ itſelf; whereas ſome time after the ſame 
ſubſtance, when moved, ſeems to commu- 
nicate that motion to the adjacent quick- 
ſilver, and to drag it along with itſelf, 
ſomewhat like what happens when one 
moves ſomething that floats upon the ſur- 
face of a liquor which begins to coagulate. 


The formation of this cruſt T attributed 


to the imperfect metals, which, though 
in ſmall quantities, are generally amalgama- 
ted with the common ſort of quickſilver; 

for that amalgamation tending to dephlo- 
giſticate thoſe metals, the half calcined 
part floats at the top; and it is moſt likely 
that the faid dephlogiſtication goes on very 
quick in the open air. What invalidates 
this ſuppoſition is, that the purer the 
quickſilver i is, the leaſt is the cruſt formed, 

or oppoſition made to the floating ſub- 
ſtances; however, I have obſerved it in 
ſome meaſure, even in the pureſt quickſilver, 

| and am inclined to think, that it muſt be 
8 partly 
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partly owing to ſome moiſture or inviſible 
duſt, which adheres to the ſurface of the 


quickſilver that is e to the" atmo- 
ſphere. : 
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Examination of the magnetical properties of 
35 braſs. 
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FEW years ago, being intent on 
making ſome magnetic experiments, 
in which braſs was concerned, J uſed. to 
examine. firſt whether the pieces of braſs 
had any magnetiſm or not, and rejected 
thoſe pieces which had an evident degree 
of that power, In the courſe of thoſe 
experiments I remember to have obſerved, 

that thoſe pieces of braſs which had been 
kanmered were generally magnetic, and 
nuch more ſo than others; in conſe- 
quence of which I made no uſe of ham- 
nered braſs in thoſe experiments. But 
10 ; about 
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about a year and a half ago, having or- 
dered a theodolite at a philoſophical in- 
ſtrument ſhop; I particularly enjoined the 
workmen to try the braſs, both ſoft and 
hammered, before they- worked it, and to 
make no uſe af that Which had an evident 
degree of magnetic power. They found, 
that hammered braſs, even ſuch as before 
the hammering had no magnetiſm, could 
afterwards diſturb the magnetic needle 
very ſenfibly, Theſe obſervations induced 
me to make the following experiments. 
Experiment 1. An oblong piece of bras, 
weighing ſomewhat leſs than half an ounce, 
being examined, by preſenting every part 
of its ſurface to the ſuſpended needle, 
ſhewed no fign of magnetiſm whatever. 
It was then hammered for about two mi- 
nutes; the conſequence of which was, that 
it became magnetic ſo far as to attract ei- 
ther end of the needle from about a quarter 
of an inch diſtance, This ſame piece of 
braſs being now put into the fire ſo. as to 
become red-hot, by which means it was 


ſoftened, and when cold being preſented 


to the ſuſpended needle, its magnetiſm was 
8 found 
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found to be entirely gone. Hammering 
made it' again magnetic; ſoftening; by fire 
took the magnetiſm away a ſecond time: 
and thus the magnetiſm! was repeatedly 
given it: hy hammering, and was deſtroyed 
by ſoftening; lometimes ſhewing to have 
aequired a ſenſible degree of that power 
eren after two, or three ſtrokes of the hams! 
men. 

Ben 11. The refult of the gelt 
experiment! would naturally induce one to 
: ſaſpect, that the hammer and anvil might | 
1 have imparted: ſome ſmall quantity of ſteel 
a to the braſs, which rendered it magnetic; 
WJ 2d chat this magnetiſm was deſtroyed in 
ſoftening the braſs, inſomuch as the fire 
calcined the ſmall quantity of ſteel that 
had adhered to it; In; conſequence” of 
vhich conſideration, I took other pieces 
of braſs beſides that uſed: before, and ham 
mered them between card- paper, changing 
the pieces of paper as often as was netel- 
lary,: ſince they were eaſily broken by the 
hammer; but the pieces of braſs became 
conſtantly; magnetic by the hammering, 
n 
In 
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In this experiment I generally gave to 
the braſs not above . ſtrokes with the 
hammer. 


Experiment III. Still falpeding "that 


the hammer and the anvil might have im- 
parted ſome ſmall quantity of iron to the 
braſs, becauſe the pieces of card-paper 


ſometimes were broken by the firſt or ſe. 


cond ſtroke, in which caſe either the ham- 
mer or the anvil touched the braſs, I 
hardened a piece of braſs by beating it be- 
tween two large flints; viz. uſing one for 
the hammer, and the other for the anvil. 
The piece of braſs became magnetic, 
though in this caſe it ſeemed to have acquir- 
ed not ſo much power as when it had been 
hardened with the hammer; but it muſt 
be obſerved, that the flints being rough 
and irregular, the piece of braſs could not 
be hardened by them ſo eaſily, or fo 
equally, as by the other method. 


The flints, being examined both before 


and after the experiment, were found- to 
have not the leaſt degree of magnetiſm. 

Experiment IV. A piece of braſs, which 
by PS had been rendered fo ſtrongly 


magnetic 
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magnetic as to attract either pole of the 
needle from about a quarter of an inch 


with a conſiderable quantity of charcoal 
duſt, which ſurrounded it every where. 
The crucible was covered with clay, and 
being placed into the fire, was kept red-hot. 
for about ten minutes. After cooling, the 


cible, and being examined, was found to 


| have entirely loſt its magnetiſm, The 

; object of this experiment was to aſcertain 
whether the loſs of magnetiſm, in a piece, 

. of braſs that was. ſoftened, was owing to 

0 the calcination of the ferruginous par- 

1 ticles, which, notwithſtanding the preced- . 
q ing experiment, might ſtill be ſuſpected 
h to be imparted to it; becauſe in this 
„t ay of ſoftening the braſs, the ferruginous 


netiſm, which however was not the reſult 
of the experiment. 


bras, which had been uſed for the fore- _ 
oe going 


Pj 1 


diſtance, was put into a crucible, together | 


piece. of braſs was taken out. of the cru- | 


particles being ſurrounded with charcoal | 
duſt, could not have been calcined ; hence ; 
the braſs ought not to have loſt its mag- . 


Experiment V. One of thoſe pieces ww” 
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going experiments, and which be ad been 
deprived of magnetiſm by fire, was ham- 
niered*berween two large and | pretty thick 
pieces of co öpper, which Bad not the leaſt 
magnetiſm ; and after a few ſtrokes of 
the hates, it became ſeültbth mag. 
netic. ee 

Experin ment vi: In S to examine "the 
difference o this property i in "braſs of va. 
rious' kinds, Thave tried a great n many pieces 
of Engliſh”: as well as foreign | braſs ; ſome 
of which was very old, and "fo fine and 
uniform, thit" an eminent watchmaker of 
my abquaintance" uſed it for the very beſt 
ſort of watchiwork.. But 1 find that they 
moſtly have the property of becoming 
magfetie by hammering, and of loſing that 
* N There ate, how- 


„ 


reel a eng it as thoſe which 
acquire the mägnetilm. BV attentively 


41%%¼% 


examining them, I have not Jet * been able to 


aiſnguid without a trial, Which pieces 
are capable of acquiring. magnetiſm, and 


which not ; the colour, apparent textüre, 
30183 5 and 
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and degree of  duRtlity, ſeeming to afford 


no ſure indication, N 5 2 0 1 of 15 8 

Esßerinent VII. "The preceding experi- 

ments ſeem to render evident the. exiſtence 

of magnetiſm, or of the p wer of attract⸗ 
IJ E20 

ing and being. attracked b by t the” magnet, 


is © wr, 
independent of iron ; yet objection 
N ASL 2 C 


may be made 5810 this. 8 
115 ch is that the, braſs w which, becomes 


20 No, og her 


magnetic by hammering, "and. loſes that | 
power - by. ſoftening, n might eqntain. a mall 
quantity © of ron, to why 


which t bat " magnetiſm 
was owin 1 8 that i this irong! o mar tial | 
eth, 7 * t, the lb ce = 
the braſs, might become m Phlo ifticated | by 
the action of the hammering, 8 ch as 
the braſs being forced, into.a ſh 1 * ACE, 
might perhaps give 8 18 pl logic. 
ton to, the f marfial cart * zus render 
t enübl ly magne ic; trary, 


LESS the 8 CONArary's ; 
het 85 'of the Fre nf tcning, might 


2 1775 2 "4 
remove that phlogi on fi "Thartial 


earth, and give 1 it t again fe Get 5 hence 
the former, remaining quite depple kalen, 
45 would no 1 dn thew any igns © of 

wagnetiſm. "The ration that iron 


n a Is C3 a 14940 (16 2T Ma! - 
. may 
99928 


— 


290 New EXPERIMENTS. 


may be dephlogiſticated or eie more 
eaſily 1 than braſs, = an Apparent weight 
periments ſeem to . every doubt. 

Having choſen a piece of braſs, which 
would acquire no magnetiſm by hammer- 
ing, I placed it upon an anvil, together 
with a conſiderable quantity of crocus mar- 

tis, which crocus had no action on the 
magnetic needle; then began hammering 
the braſs, and turning it frequently, i in or- 
der to let part of the crocus adhere to it; 
and, in fact, the crocus had, in ſeveral 
places, | been faſtened fo well into the braſs, 
that hard. wiping with a woollen cloth 
would x: not rub it off. The brafs appeared 
red in | thoſe. places ; z, but, after having been 
hammered for a long time, it acquired no 
magnetiſm whatever. The hardening, 
therefore, « could not fender the iron calx 
ſo far phlogiſticated as to rg the mag: 
netic needle. 

Experiment VIII. In order to diverkiy bf 
the preceding experiment, I drilled a hole, m 
about one-eighth of an inch long, and little o 
more than one-fiftieth of an inch in diam 

| : eter, 


New Expratments.. 291 


eter, into a piece of braſs that was not 


rendered magnetic by hammering, and 
filled it with crocus martis; then I ham- 


mered the piece of braſs, thus ineloſing 


the calx of iron, and afterwards preſented 


it to the ſuſpended magnetic needle; but 


there was not the leaſt ſign of attraction: 
the martial earth, therefore, had not ac- 
quired any phlogiſton from the braſs 1 
the action of hammering. 

Experiment IX. The fame piece of 
braſs,” containing a ſmall quantity of calx 
of iron, was put into the fire, and was 
made quite red-hot, in which tate it re- 


mained for about three minutes. Then, of 


after cooling, it was preſented to the mag=- 
netic needle; and this was attracted by the 


braſs only in that place wherein the calx 


of iron was contained. The action, there- 
fore, of the fire had rendered the martial 


earth ſo far phlogiſticated as to attract the 


magnetie needle; hence, if the magnetiſm 


of braſs were owing to any ferruginous 


matter contained in it, a piece of braſs 


ought to become magnetic when ſoftened; ' 


2 which 


155 . 
1 

| #Y 
* 


Attract at only about, tat, plage x here the 
magyętic calx was contained. Thisb at- 
traction wWas very weak. The piece of 


| * WW. 
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which is contrary to the dogrgoing whlemre 


tions. ** 9 NLTOTEE f yd. gipagecm boobs 

Experiment XU kite Stoller totaly 
wentienedein be WIIIch Experiment, was 
diilled, into a piece of braſp chat would not 
begoma magnetic by hammering, atul dnto 
it. Was put. fome. black. calx Of or onywhigh 
was ſo far phlogiſticated as to be attractable 
by the magnet, and the bale was cloſed; by 
4 few ſtrokes of the hammer. Iniconſes 
qyenge.;of this, the piec 1ok hraſo, ben 
preſented o the ſuſpended needle, wauld 


braſs, thas prepared, Was, then Put into the 
bre. aq qyas kept. for about ſix minutes. in 
a bgateſyery little ſhort of; that neceſſary 
te welt braſs, and after cooling 1 preſented 
it to, the needle, expecting that the fire 
heros have dephlogiſticatad. tha calx of 
iron ſo, far as nat to let it act any longer 
upon the necdle.; 36 but hs attraction; aps. 
peared 'to be of the ame degree it was be- 
fore the nl . Men GED: 1c (1 1h; . 
1911 | t 


TY is 7 4 


NPs, 35; 
> fecines "ther fore) Hear, chat the mag- 
neti{in"acquired by brafs; Rainer; : 
ib net oWg to iron bonthined i it and 
oobſequenktyn that wager; bn, e. eie hoer 
if belng artrabteu zy hd urg, thr 
nager may erh nde pendint of iron. 
Experten XI. R mall quantity of 
ifofj Was mixed Aby means of the blowe pipe, 
with about fouf tiines'fs welglt vf Auch 
braſs*as would not bee aHe- magnetic by 
hammering. The Whole globule weigked 
bout th grins” and lit attritked the 
magnetic Weedle-vwery powerfully. d then 
melted this glue of brafs and It with 
coat Fifty grhine-6t the ſame ſort of braſs 
is Hadabecm ue before!) " After"cobling} 
the! whole Jump of (braſs appeared to have 
vety little power upon the magnetic neeꝰ 
ate, ey part Hits ſurfacglattracting one 
end fh Tufpended Heedle; fo 88. x Tet it 
juſt adherò to it When the air Was not at 
a ditrbed. But this weak! and hardly 
perceivable dogtes of magnetiſm was not 
increaſed by hammering, nor WNT 
by ſoftening? 'BIf1 * Tis yd 02933617168 
de ee Möbel to have 

Aas U 3 fuſed 


| 


fuſed and incorporated together braſs and 
iron; but ſome ſubſequent trials gave rea» 
ſon to believe, that the iron is concealed 
in ſome part or other of the melted braſs, 
rather than equably diffuſed. through the 
ſubſtance of the latter; and the principal 
reaſon for this ſuppoſition is, that when 
thoſe pieces of mixed metal are tried upon 
the quickſilver, ſome points in their ſur- 
faces are generally attracted by the pager 
in preference to others, 

It muſt here alſo be obſerved, that Jan 
ing repeated moſt of the preceding ex- 
periments, by examining the pieces of braſs 
upon quickfilver, and preſenting the mag- 
net to them, inſtead of preſenting them 
to the needle, the reſult was, that very ſel- 
dom a piece of braſs occurred, which was 
not affected by the magnet; and even 
when they were not affected by it, their 
indifference was not very clear and de- 
cifive; and indeed there are very few 
ſubſtances in nature, which, when ex- 
amined by this means, are not, in ſome 
degree, attracted by the magnet; ſo general 
is the diſperſion of iron, or ſuch is the 

. ' - tendency 


5 


. 
1 
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tendency which moſt bodies have Ry. 
the magnet. 

Such, braſs which i in the [ine . | 
ments appeared to have no magnetiſm na- 
turally, nor to acquire any by hammering, 
was now found. to be moſtly magnetic, 
though in ſo ſmall a degree as to be diſ- 
coyerable only when floating upon quickſil- 


ver; but thoſe pieces of braſs. which na- 


turally had not any degree of magnetiſm 
ſufficient to affect the needle, nor acquired 
any by hammering, but yet ſhewed ſome 
tendency towards the magnet when float- 
ing upon quickſilver, never, or very ſel- 
dom, had that dene e "Oy 
Meringe.7 {2 lr | a 

It is do proper to colled, "waiter. ak 
point of view, all the obſervations which 
have been deduced from the foregoing and 


_ other experiments relating to the magnetic 


properties of braſs. It appears, therefore, 
iſt. That moſt braſs becomes magnetic 
by hammering, and loſes. the magnetiſm 
by annealing or ſoftening in the fire, or at 
leaſt its magnetiſm is ſo far weakened by 
U4 it 
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it 2s afterwards to be only diſcoverable 
when ſet to float on quickſilver,' 
Aly. That the acquired miagnetifin is 
not bwiug to particles of iroti or feet ir. 
Parte to the brafs by*the tools employed, 
or mäkhflly mixed with the Braſtt 55" 
cl. Thoſe pieces of braf which have 
Mat propetty, retain it without any Hin 
nition after" A great? Humber of fpeatel 
dete bis, eufter having been repeatedly 
hatdkned the? föftenec.. But 1 abe tor 
Tothdbrany imtans' of kite "tie pop 
to ſuch braſs as Mad ir not naturally 
- LY mty. A large piecel of braſs Aas gene. 
ily A magnetic pö wer ſbmC Rat- ſtrungit 
than a ſmaller piece; and the flat furface 
& the piece Bris) the l nesdle moe for- 
Ably / than tie edge or ebrnet of) it:? 
bac thly2 If oy bhe end of & large piece 
of bras be hammered then that ed alte 


will Witter b the magnetic ftceille, Anti tiöt 


eme mood Mead Strom 1d T . i 
n 6thly:"The magletie power which brif 
actfulres by hammetfing Has a crtafff Ipmt, 


bkyend-Whick it cannot beLinereafed by 


8 : farther 


. S. . . Sa. oo wo, 2 6 wh 


S. ©, 


2 


fatther hamtneting! TRS Hir is Various 
in pieces of btafs of different thickneſs 
and Hikewiſe of different quality? 74 1611! 
cocythly. Though there are foitic Pletes of 
braſs which have not the property of. beg . 


rendered tnagnetio by hatntmeritig; yet alk en 
pieces of magtietic braſs; that I Rave Nied, 


loſe their magnetiſm, ſo as no lon er to Affect 
chenectte, by being made red-Hot; eucepting 
indeed when Tome” pieccs of ird are con 
cealed in theth, which Tometithes*ocdiirs3 
but in this caſe; the piece" of braſc laftet 
having been wide rd Hot and cooled, Will 
attract the needle: more forcibly with be 


part of its für face than wit thereof it; 


and fiehce, by turning the*pics"6F brats 
about; and preſenting every päkt Gf ft fuck 
ceſſively to the fufpentled tnügfietib nceedle, 
one may eafily diſcobet in WHA part of it 
the ini lodged, e315 ei Yo noitstuait 
- 8thly: In the eG? of Hy feritvienith 
on the magnetifh\ oB'ÞYafs; J Ive Tic 
obſerved the following rem ErbIb blrchffl 
ſtance : A piece of Brrfd, Whith Nad this 
property of becoming miügnetic bY Hin- 


mering, and of loſing tte rndg HET by 


ſoftening, 
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wy ſoftening, having been left in the fire till 
it was partially melted, I found, upon trial, 
that it had loſt the property of becoming 
magnetic by hammering ; but having been 
_ afterwards fairly fuſed in a crucible, it 
thereby acquired the property it had origi. 
- nally, viz. that of n. magnetic by 
hammering, . Kh 
.gthly. I haye likewiſe often hl 
that a long continuance. in a fire ſo ſtrong 
as to be little ſhort of melting- hot, ge- 
nerally diminiſhes, and ſometimes quite 
deſtroys, the property of becoming mag: 
netic in braſs. At che fame time, the tex- 
ture of the metal is conſiderably altered, 
becoming what ſome workmen call rotten, 
From this it appears, that the property of 
4 becoming magnetic in braſs by hammering, 
is rather owing to ſome particular con- 
figuration of its parts, than to the admix- 
ture of any iron; which is confirmed till 
farther by obſerving, that Dutch plate- 
braſs (which is made not by melting the 
copper, but by keeping it in a ſtrong de- 
aha of beat whilſt ſurrounded by /apss 
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at leaſt, all the pieces of it, 7 I have 
tried, have that property. ; 

From theſe obſervations it follows, that 
when braſs is to be uſed for-the-conſtruc- 
tion of inſtruments wherein a magnetic 
needle is concerned, as dipping needles, 
variation compaſſes, &c. the braſs ſhould 


be either left quite ſoft, or it ſhould be 


choſen of ſuch a ſort as will not be made 
magnetic by hammering ; which ſort, how - 
eyer, does not occur very frequently. 


Cnaprer Wh, 


Examination of the magnetic properties of 
eme other metallic ſubſtances; © 


HE reſult of the e on 

braſs induced me to examine other 
metallic ſubſtances, and eſpecially its com- 
ponents, viz. copper and zinc: though 
the reſult of the experiments has not been 
yery remarkable, excepting with platina, 
which 


3 NS ER FBA NH NFA. 
whidh' metat - has properties in great mea: 
ſure analogous to thofe of bras. 
10% Having examined variotdopiees of cop. 

bye means of tlie ſuſponded magnetic 
needle, and having never found them mag. 
netical, except only Jometines in ſuch 
places which Had. been filed; and where 
foe: partieles of ſee migkt have been 


left cby the filb / I next pro eded tocham- 


mer ſome pieces of it õ,tf iin dhe 
uſual Way, hut! Hketviſe between fliuts: 
the reſult, however, was very dubious; for 
though, in general, they had no effect 
whatever on the neede: yet ſometimes J 
thought the needle was really attracted by 
ſome pieces of hammered copper ; but 
then thisattradtive power iv {& exceed- 
ingly.imall as. not ge, gepeoded upon. 2 

Zinc ede. ham 


mered as far as could be done without 
breakingnit; ſhewed no ſigiibof Atti 
whatever, wher preſent d' t the tmaghe- 
tie: necdle{ [Neither had mtUHÜf And 
and ei any ation upon the necdle. 
d& piece df Beko efle do OH- A tele- 
ſeop q He ed of win p fiat 7 


Aide a mixture 


Naw.RXBABANT SE. 30˙ 
2, mixtprę of, tin, zigc, and 2 flittie odps 
e Beet; of, aßen ; both ſoft ang ham 
mered ; a piece of pure, gold;, bath colt 


und hammered 31a mixture;p?, gold and fi- 


der both hard, and, aft; and another mu 
ture of a great deal. of. filver, alittle. epd 
ery, ard 2 led quantity of gold. either be- 
ore br after hammexing, badinot ch dest 
actig wh 92.th q, magnetic needle; noise 221 
of Fab J metallic, ſubſtance, which 

"as been; gebe. t9., poles; me der 
pres gf, aftration; e 
independent, of, ron ; and this: ſuſpix 
cion ;has been, founged, upon! ablarving, - 
bal nickel, retained, its magnetiſm, aftet 

baying, been, Fepeatedly P urified#,, There 
ae, however, perſans who. have denied: the 
magnetilin,of, purified, pickel gend I have 
ſeen ms, pj cos: pk, jt, which did ein 
the leaſt, affect the, magnstig edle. It 
i P rohable, that thoſe, pieces were not pure 
nickel, , agd, gers, Pei cobalt was, con» 
tained in them; 1butzl HN, reaſon hy 
the nickel, when allayed, ich vlatero- 


[+ SK „liger %% 
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balt, ſhould ew no attraction towards 
| the magnet, if that property did really be⸗ 
long eſſentially to it, 

Platina was the metal I laſt examined, 
and the experiments made with it ſeem to 
deſerve particular attention. 

Experiment I. A large piece of platina, 
which after having been precipitated from 
its ſolution in agua regia, had been fuſed, 
or rather concreted together, being pre- 
ſented to the ſuſpended magnetic needle, 
ſhewed not the leaſt ſign of magnetiſm. 
It was then hammered; but after the third 
or fourth ſtroke of the hammer it broke 
into many pieces, ſeveral of which being 
tried, ſhewed no atttaction, nor could any 
of the fineſt particles be attracted by the 
maguet preſented very nearly over them. 
The broken ſurface of this piece of pla- 
tina was full of cavities, ſome of which 
were large, and others juſt diſcernible; 
and altogether the metal ſeemed to have 
_ undergone an imperfe& fuſion, | 

Experiment II. The grains of native 
platina were examined next, by putting a 
magnet juſt over them ; but the magnet 


a 


aa 


mm ew» © #@©D. 
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attracted not above ten or twenty particles 
0 out of about half an ounce of platina: and 
thoſe which were attracted had little or 
| no ſhining metallic appearance, like the 
| reſt, and were exceedingly ſmall. | 
Experiment III. Having picked out fe- 
veral of the largeſt grains of platina, I 
preſented' the magnet to them; but they 
were not in the leaſt attracted by it. One 
of thoſe grains was then hammered; by 
which means, after about eight or ten 
ſtrokes, it was ſpread into a plate, about a 
tenth of an inch in diameter, and nearly 
circular; afterwards, the magnet being pre- 
ſented to it, the former attracted it from the 
diſtance of about one-twentieth of an inch. 
0 The other grains being all hammered 


. one after the other, were rendered by it ſo 
j- far magnetic as to be attracted by the mag- 
h net, and to diſturb the magnetic needle 
T) when preſented to it. | But there were ſome 
ſe amongſt them which acquired no mag- 


netiſm at all, though they had been pur- 
ye poſely hammered much — than . 
a others. 
et As far as I could obſerve, thoſe ploves a 
ed 5 which 


Naw W 


which yquld, cot. acquire any magnetiſni 
by bammening,, bad not a vet y ſhining ap- 
pearance before. the.  hammeriog, though 
afterwards they. could ngt be diſtinguiſhed 
from the others by their appearance ; and 
they ſeemed. nat to ſpread undet t che bam. 
mer ſo eafily as 'the others. 6 pk RE EY 
In general, three, o or four ſtrokes are | fuf- 
r to, render A, grain of platina evi- 
qeptly, attraRable bythe magnet ; but 1 
ten, ſtrokes give it the full power it is, ſuſ- 
ceptible of,, Is otgi beg iq! z. aun 
\1Experiment IV. Tho 6 grains o ao platina, 
| hich in the preceding, Experiment the 
hammering had rendered. capable of being 
attracted by the magnet, being put upon 
qharcpal, were, made red-! -hot by means, 0 a 
4.blow-pipe.s, and afterwards, being pre- 
ſented to, the magnet, and likewiſe. to the 
ſuſpended needle, they ſhewed not the leaſt 
 fignqof. attraction. Heat, therefore, de- 
Ptives chem, as, well ag: braſs, of hd pro- 
pe acquired | by. hammering. A (ord 
bemmeripg rendered themagain attractabl e. 
though not fo quickly, nor in ſo great, 4 


5 


degree as. it- had done the firſt time, How - 


wo YO 2» 


ever, 


Hide 
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ever, it muſt be obſerved, that the pieces 
of platina having been rendered flat and 
thin by the firſt hammering, could not be 
ſo cafily ſtruck, nor ſpread much more, by 
the ſecond. * La 

Experiment V. When the ſax of pla- 


tina were examined by the magnet whilſt 


floating on the ſurface of quickſilver, al- 
moſt every one of them was attracted in 
a ſmall degree; and this attraction was 
generally ſomewhat increaſed by the ham- 
mering, even in thoſe which had it never 
increaled ſo far as to attract the magnetic 
needle. | 
If it be true, as thoſe experiments ſeem 
to prove beyond a doubt, that the power 
of being attracted by the magnet may 
exiſt, or may belong to other ſubſtances, 
independent of iron, it muſt follow, that 
the attraction of a few particles of any 
unknown ſubſtance by the magnet is not 
a ſure fign of the preſence of iron. Hence 
thoſe ſubſtances, which hitherto have been. 
conſidered as containing ferruginous par- 
ticles, for no other reaſon but becauſe- the 
ane attracted them in a ſmall degree, 
X muſt 
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muſt be conſidered as dubious ; and the 
concluſion of the exiſtence of iron ought 
not to be admitted, except when thoſe 


particles, which have been ſeparated by 


the magnet, appear to be iron by ſome 
other trial ; for though it be true, that iron 


is always attracted by the magnet, yet it 
does not hence follow, that whatever | i$ 
attracted 85 the magnet muſt be iron. 


C HAP TE R IV. 


Experiments and obſervations relating to the 

attraction between ferruginous ſubſtance: 

and the magnet, . different ſtates of 
| Ska 


'T: is a «.propoſi tion well eſtabliſhed i in 
magnetics, that ſoft-iron, or ſoft ſteel, 
Acquires magnetiſm. very eaſily, and loſes 
it with equal facility; but that hard ſteel 
api that power with difficulty, and 
Kum 45 afterwards 
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afterwards retains it obſtinately. From 


the conſideration of thoſe properties, I 


was led to imagine, that if a piece of 
ſteel, whilſt red-hot, were placed between 
magnetic bars, and whilſt ſtanding in that 


ſituation cold water were to be ſuddenly 


poured upon it, ſo as to harden it, there 
might, perhaps, be obtained an artificial 


magnet, much more powerful than what 


can be produced by the ordinary way; 
becauſe the magnetic bars, employed for 
ſuch purpoſe, would communicate a great 
degree of magnetic power to the ſteel, 
when red-hot, and conſequentlyſoft, which 
power would be fixed Were the ou wy the 


hardening. 


In order to put this brock to 5 wink; 
ſix magnetic bars were ſo diſpoſed, in an ob- 
long earthen veſſel, as that the north poles 
of three of them might be oppoſite the 
ſouth poles of the three others, forming 
two parcels of bars, lying in the ame di- 
rection, and about three inches aſunder, 
which was nearly the length of the ſteel - 
bar which was intended to be rendered 
magnetic. Things being thus diſpoſed, 

iGo 2 . the 
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the ſteel bar was made quite red-hot, and 
in that ſtate was placed between the-mag- 
netic bars; after which, cold water was 
immediately poured upon it, which ren- 
dered it ſo hard as not to admit being filed: 
its magnetiſm was found to be conſidera- 
bly ſtrong, but by no means extraordinary, 
From repeated trials with ſteel bars of dif- 
ferent ſizes, and by uſing a- greater or 
leſs number of magnetic bars, I found, 
that ſhort ſteel bars acquire a proportion- 
ably greater degree of magnetiſm, by this 
method, than thoſe which were longer; 
that the magnetiſm in the longer bars is 
not proportionably as ſtrong, principally 
becauſe the artificial magnets, being placed 
at their extremities, have very little power 
on thoſe parts of the pieces of ſteel which 
are nearer its centre ; and, laſtly, that 
when, in order to pads the juſt-men- 
tioned inconvenience, more magnets are 
placed nearer the middle of 'the ſteel bar, 
then this piece of ſteel generally acquires 

many ſucceſſive magnetic poles. 
Upon the whole, it ſeems that hoagh 
this method alone be not ſufficient to 
5 communicate 
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communicate to ſteel bars an extraordi- 
nary degree of magnetiſm, yet it may be 
of great uſe in conſtructing large artificial 
magnets; for if thoſe bars, inſtead of be- 
ing hardened in the uſual way, by plung- 


ing them, when red-hot, in water, be 
hardened whilſt ſtanding between powerful 
magnets, they will thereby acquire a con- 
ſiderable degree of magnetic power, with- 
out any additional trouble to the work- 
man. They may then be poliſhed, after 
which they may be rendered more ſtrongly 
magnetic by the uſual method of touch- 
ing them with other magnetic bars; 
whereas it is a very laborious operation to 
render magnetic large bars of hardened 
ſteel from the very beginning, viz. when 
they have none of that power. 

In the courſe of performing thoſe trials, 
I frequently obſerved, that the pieces of 
ſteel, whilſt they were red-hot, ſeemed not 
to be attracted by the magnets; ſo that 
the leaſt ſhock, and even the pouring of 
the water, could remove them from the 
proper fituation, which rather ſurpriſed 
me; becauſe it has been aſſerted by ſome 

X 3 authors, 
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authors, that the magnet attracts red - hot 
iron as well as cold. Kircher eſpecially 


ſays, that he tried the experiment *, and 


found that the piece of iron, heated ſo as 
to be hardly diſcernible from a burning 


coal, was attracted by the magnet as eaſily | 


as when cold; and he even aſſigns a reaſon 
why the power of a magnet is deſtroyed 
by a great degree of heat; whereas the 
red heating of the iron will not prevent 
its being attracted by the magnet. The 
reaſon he gives is, that the fire corrupts 
and calcines the magnet, but purifies the 
iron. The following experiments werc 
made in order to aſcertain this matter: 

I kept a piece of ſteel in the fire till it 
was quite red-hot, and in that ſtate pre- 
ſented the magnet to it, ſo as to touch it 
repeatedly in various places; but no fign 
of attraction could be perceived before the 
redneſs diſappeared. I mean, however, 
ſuch redneſs as may be evidently ſeen in 
the clear day-light; for, as was ſhewn by 
other experiments, when the magnet be- 


De Magnete, lib. I. p. II. theorem XXXI. , 
| gins 
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gins to attract the heated i iron, the redneſs 
of the latter can ſtill be ſcen i in the dark. 
Having repeated the experiment with dif- 
ferent pieces of iron, and of ſteel, the re- 
ſult was conſtantly the ſame, vig. whilſt the 
iron or ſteel remained quite red-hot, or 
white - hot, the magnet did not attract it ; 
but the attraction began when the degree of 
redneſs, which is clearly perceivable in the 
day-light, began to diſappear ; and it was 
| as ſtrong as ever when the iron was cooled 
a little more than when the redneſs quite 
diſappeared i in the dark. In regard to this 
limit, or maximum of attraction, I think I 
have obſerved, as well as the nature of 


1 the experiment would permit, a difference 
7 between ſteel and i iron; which is, that in 
5 the ſteel the maximum of attraction fol- 
= lows the diſappearance of the red heat 
* ſooner than in iron. 


This experiment is ſubject to two ſour- 
ces of miſtake, which perhaps miſled 
by Father Kircher, and which it is neceſſary 
to mention, for the ſake of others who 
wiſh to repeat it, The firſt is, that 
when a piece of iron, of no great extent, 
ins a a | * 4 | 18 
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is red-hot, or even white-hot, in one 
place, and below a red heat in other parts, 


the magnet will frequently attract it, 
though the red-hot fide be preſented to 
it. The ſecond cauſe of miſtake is, that 
when a ſmall piece of iron or ſteel, as a 
common ſewing needle, is made red-hot, 
and is then preſented to the magnet, if 
the magnet touch it, that contact cools it 
inſtantly below - the neceſſary degree of 
heat, and of courſe the attraction takes 
place. It is owing to this laſt cauſe that 
1 have not yet been able to aſcertain, 
whether the attraction between the mag- 
net and the iron be quite annihilated, or 
only diminiſhed to a great degree, by ren- 
dering the iron red or white hot ; ſo that 
I can only fay with certainty, that a mag- 
net will not attract a certain piece of iron 
red-hot or white hot; whereas it will at- 
tract another piece of iron, at leaſt fifty 
times bigger, if it be cold, or below a 
red heat. 

To try this experiment in a different 


and more convincing manner, I heated a 
large iron nail till it was white-hot, and 
in 


en ==. * "I es 8 
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tentively on the graduated circle of the 
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in that ſtate placed it upon an earthen ſup- 
port, near one pole of the magnetic nee- 


dle, ſo as to lie not in the ſame direction, 


but on one fide of it. Then, looking at- 


compaſs, I obſerved, that the needle was 
not in the leaſt moved from its natural 
ſituation, whilſt the nail remained red-hot; 
but as ſoon as the redneſs began to diſ- 
appear, the needle advanced towards the 
nail, and a few ſeconds after the Mean 
pointed directly towards it. 

1 tried whether, in this experiment, ay 
difference was occaſioned by the magnet's 
being natural or artificial ; but, as it e. n 
be expected, there was none. 

In purſuance of thoſe magnetic experi- 
ments wherein heat is concerned, I tried 
the effects which took place when the 
magnet was heated; but, as the diminution 
of its power by heating, and an increaſe 
of it by cooling, were obſerved and de- 
ſcribed by the late Mr. Canton “, I ſhall 
only add a circumſtance, which may per- 
haps be new. It is, that an artificial mag- 
net, after having had its power diminiſhed 

Phil. Tranſ, Vol, LI. 
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by heating, does not recover it intirely again 
by cooling; having conſtantly found, that 
the magnets which had been heated, after 
cooling would never hold as great a weight 
of iron as they did before. The heat to 
which; thoſe magnets were expoſed never 
exceeded that of boiling water. This was 
rendered more evident by dens 
experiment. 

A magnetic bar was placed, i in an FR 
7 veſlel, , at ſome diſtance from the ſouth pole 
of the needle of a very good compaſs; by 
the action of which magnet that end of 
the needle was drawn ſeveral degrees from 
the magnetic meridian, or from the di- 
rection in which it ſtood before. In this 
ſituation of che apparatus, boiling water 
was poured into the veſſel wherein the 
magnet ſtood, in conſequence of which 
the needle went back two degrees and a 
half. Some time after, when the water 
was quite cold, the needle was found nearer 
to the magnet, -but not ſo near as it ſtood 
before the hot water was poured into the 
veſſel. 

Next to the effects of heat, I was de- 

ſirous 


% 


* 
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ſarous of trying what could be effected by 


decompoſing the iron; and for this pur- 


poſe an earthen veſſel, containing about 
two ounces of iron filings, was placed near 
the ſouth end of the needle of the com- 
paſs, by which the needle was drawn a 
little out of its natural direction. Hav- 
ing marked where the needle now ſtood, 
ſome water firſt, and then ſome vitriolic 
acid, were poured upon the filings, which 
occaſioned a briſk efferveſcence, and a co- 
pioug production of inflammable air; but 
ſoon after the beginning of the effer- 
veſcence, I was ſurpriſed to obſerve, that 
the needle came nearer to the veſſel, ſhew- 


ing that the attraction between the.needle 


and the filings had bcen increaſed by the 
action of the vitriolic acid upon the lat- 
ter, which is contrary to what could have 
been expected; for if we conſider that the 
power of a magnet is diminiſhed by heat, 
and that red-hot iron has either no attrac- 
tion at all, or an exceedingly ſmall de- 
gree of it, towards the magnet, we might 
have concluded, that the action of the 

vitriolic 
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vitriolic acid upon iron would immediately 
diminiſh its attraction, beſides the 2/9 
ſtrong reaſon, ariſing from the dephlogiſti- 
cation of the iron occaſioned by the effer- 
veſcence; and, in fact, ſome time after, 
when the violence of the efferveſcence, 
and of courſe the production of inflam. 
mable air, begins likewiſe to diminith 
and at laſt, when the efferveſcence is hardly 
perceptible, the needle is found to ſtand 
farther from the veſſel containing the 
Flings, &c. than it ſtood before the vitri- 


olic acid was added, which diminution of | 
attraction is certainly owing to the loſs of | 


pblogiſton ; it being well known, that iron 
is leſs and leſs attracted by the magnet in 
proportion as it approaches nearer to the 
calcined ſtate. 

As a ſingle experiment ought not to be 
depended upon, when an error may be oc- 
caſioned by many concurring circumſtan- 
ces, I repeated this experiment with great 
precaution, taking care that nothing might 


ſhake the needle, or the reſt of the ap- 


paratus; but the reſult was nearly the 
ſame, 


the 


ſub 


filings and the needle being at firſt in- 
creaſed by the action of the vitriolic acid. 


+ 


not owing to the heat generated by the 


filings, was placed near the magnetic nee- 
dle, as before ; then ſome boiling water 
was poured upon the filings, which heated 
/ them much more than the diluted vitri- 
olic acid could have done; but the mag- 


| netic needle was not moved in the leaſt 
| from its original fituation. , 


whether the efferveſcence might not agi- 


number of them to that fide of the veſſel 
which ſtands contiguous to the magnetic 
needle. In order to obyiate this objection, 


piece of ſteel wire, twiſted in various di- 
retions, ſo as to be admitted into the 
pot; in which caſe the metal preſented a 
large ſurface to the acid, and it was not 


The 
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fame, the attraction between. the iron 


In order to aſcertain that this effect was | 


efferveſcence, the pot, with ſome iron 


The ſuſpicion which occurred next WAS, 


tate the iron filings, ſo as to bring a greater 


the experiment was repeated with a fingle 


fubje&t to be moved by the efferyeſcence.. 
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The reſult was fimilar to that obſerved 
with the filings, v/z. the attraction was 
increaſed by the action of the acid on the 
wire : and here follows the particular ac- 
count of the experiment. n 
About ſix yards of clean ſteel wire, 
ſomewhat leſs than one · fiftieth of an inch 
in diameter, being twiſted in various di- 
rections, was put into an earthen veſſel, 
which was placed near the ſouth end of 
the magnetic needle, which in conſequence 
of that was drawn from its natural fitu- 
ation, viz. from 281* to 280?. After 
adding the diluted vitriolic acid, a ſtrong 
efferveſcence commenced, and the needle 
came to 279* 47'. About five minutes 
after, it ſtood at 279* 35'; five minutes 
after this, it ſtood at 279 30“. And a 
little after this obſervation, it apeared to 
be even ſomewhat nearer to the pot than 
the abovementioned point. The experi- 
ment was then diſcontinued ; and on re- 
moving the pot, the needle went back to 
its original ſituation, viz. 2810 „ which 
ſhewed, that its alteration, during the pro- 
| cels, 
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ceſs, was occaſioned by the action of the 
acid on the ſteel, and not wp _ extrane- 
ous cauſe. 7-03. 240 
On examination, the wire was found 
only blackened”; on its ſurface, but not 
nearly. conſumed ; I had, therefore, the 
curioſity: of trying the ſame wire again, 
and accordingly it was placed, in the ſame 
veſſel, near the magnetic needle, which 
attracted the latter from its original ſitu- 
ation 281* to 280*. After having added 
the acid, the needle came nearer, as in the 
preceding EFpariment x and a ſhort time 
after it ſtood at 279* 3o', at which time 
the pot was removed, there being no oc- 
cation to continue the experiment any 
longer. 
On pouring the 8 out of the pot, 
the wire did not appear to be much waſted. 
The pot was then replaced near the 
needle, ſo as to attract it a little, as be- 
fore; but on pouring boiling water upon 
the wire, a pretty briſk efferveſcence took 
place, and the needle was, in conſequence, 
pro- =tracted ſtill, nearer. - This experiment 
cſs, MW ſhewed, that though the diluted acid had 
19 | been 
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been poured out, yet there remained a 
quantity of it adhering to. the wire, which 
was ſufficient to renew the efferveſcence, 
when aſſiſted by the heat of boiling water. 


Upon the whole, it appears, that the 


action of vitriolic acid upon iron or ſteel 
increaſes their attraction towards the mag- 
net; that this increaſe of action has a 
limit, after which it begins to decreaſe; 
and that this limit ſeems to come ſooner 
when iron than when. ſteel is uſed; but, 
however, with regard to this laſt particular 
Im not yet quite certain, fince, in the 
experiments hitherto made, the variety in 
the ſhape or bulk of the iron or ſteel may 
have occaſioned a conſiderable difference. 
After the reſult of thoſe experiments, 
it was natural to examine the effect which 
other acids might have on iron and ſteel; 
therefore the above- mentioned experiment 
of the ſteel wire was repeated with nitrous 
inſtead of vitriolic acid; the reſult of 
which was, that the attraction between 
the magnetic needle and the wire was in- 
creaſed, but not ſo much as when vitri- 
vlic acid had been uſed. The maximum 
. of 
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of the attraction ſeemed to come ſooner 


when nitrous than when vitriolic acid is 


uſed ; after Which limit the attraction de- 
creaſes much faſter in the former than in 
the latter caſe, which is evidently owing 
to the metal being more cafily dephlogiſti- 
cated and diſſolved by the nitrous | than 
by the vitriolic acid. 

The marine acid was tried next ; but, 
notwithſtanding all the precautions I could 
take, it always occaſioned a very weak 
efferveſcence, and the needle was not in the 
leaſt affected by it. A ſtrong efferveſcence 
ſeems neceſſary to -increaſe the attraction 
between the magnet and iron or ſteel. 
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CHAPTER V. 


 Promiſcuous experiments „ and ſome thoughts 


concerning the cauſe of the variation of 
the needle. 


HE following experiment will ſhow, 

that an exceedingly ſmall quantity 
of ; iron will render a body ſenſibly capa- 
ble of being attracted by the magnet, 
Having choſen a piece of 'Turkey-ſtone, 
which weighed about an ounce, I ex- 
amined it by a very ſenſibly magnetic 
needle, and it did not ſhew the leaſt de- 
gree of attraction, the needle not being 


moved from its uſual direction by the vi- 
cinity of any part of the ſurface of the 


ſtone; I then weighed a piece of ſteel, 
with a pair of ſcales that turned with the 
twentieth part of a grain, and afterwards 
drew one end of it over the ſurface of the 
ſtone in various directions. This done, 
the EY ſtcel was N again, and was 

2 found 
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found to have loſt fo ſmall a part of its 
weight as not to be diſcernible by that 
pair of ſcales; yet the Turkey-ſtone, 
which had acquired only that ſmall quan- 
tity of ſteel, affected the Wh 44 needle 
very ſenſibly, 

Chemiſtry ſeems not to afford any means 
by which ſo ſmall a quantity of iron may 
de deciſively detected in a body that weighs 
one ounce. Hence it follows, that though 
no iron can be diſcovered in a body by 
chemical methods, yet it ſhould not be 
concluded, that the ſaid body, if it affect 
the magnetic needle, does not owe its mag - 
netiſm to ſome ſmall quantity of i iron es 
cealed 1n its ſubſtance, 

Having examined the a which 
iron acquires from the earth by mere po- 
tion, in bars of various lengths, I always 
found them poſſeſſed of only two poles, 
even when the bars were about twenty feet 
in length; one half being poſſeſſed of one 
polarity, and the other half of the con- 
trary polarity. Sometimes, indeed, I found. 
more than two poles, but then the bar 
vas not of a uniform nature, and its poles 

Y 4 were 
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were not eaſily reverſed ** inverting the 
poſition of the bar. 

After having thus related the reſult of 
experiments, I may be permitted to add a 
few thoughts concerning the application 
of thoſe obſervations towards accounting 
for the variation of the magnetic needle, 

This wonderful phenomenon has, ſince 
it was firſt diſcovered, employed the 
thoughts of very able philoſophers ; many 
| hypotheſes. having been offered, not only 
for its explanation, but even' to foretel the 
future variations in various parts of the 
world. I need not detain my reader with 
a particular hiſtory of thoſe hypotheſes; 
but ſhall only obſerve, in general, that 

neither have their predictions. anſwered, 
nor were any of them founded upon evi- 
dent principles. The ſuppoſition of a 
large magnet being incloſed within the 
body of the earth, and of its relatively 


moving with reſpect to the outward ſhell 
or eruſt; the ſuppoſition of there being 
four moveable magnetic poles within the 
earth; the hypotheſis of a magnetic power, 
partly within and partly without the ſur- 
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face of the earth; together with ſeveral other 
hypotheſes on the fame ſubject, are not 
only unwarranted by actual experiments, 


but do neither ſeem analogous to the other 


operations of nature. The late ingenious 
Mr. Canton, F. R. S. was the firſt, who 


endeavoured to account for the daily varia- 
tion of the magnetic needle by the heat- 
ing and cooling of the magnetic bodies in 
different parts of the earth's ſurface; 


which was in conſequence of his having 


firſt obſerved, that the action of the mag - 
net on the needle was diminiſhed by heat- 
ing, and increaſed by cooling®. 

Following Mr. Canton's judicious 1 me- 
thod of deriving the explanation of na- 
tural appearances from properties actually 


proved by experiments, I think, that the 
increaſe and diminution of magnetic at- 


traction, by heating and cooling of the 


magnet, as obſerved by Mr. Canton, to- 


gether with the reſult of the experiments 
deſcribed in the preceding Chapter, ſeem 
fully ſufficient to account for the general 
variation of the needle. 


Phil. Tranſ. Vol. LI. p. 398. 
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If we collect under one point of view 


all the cauſes hitherto aſcertained, which 


can increaſe or diminiſh the attraction he. 
tween magnetic bodies, we ſhall find, that 
the attraction between the magnet and 
iron, or between magnet and magnet, is 
increaſed by cooling, by a regeneration of 
iron, or phlogiſtication of its calx, and, 
within certain limitations, by the action 
ol acids upon the iron; that this attrac- 
tion is diminiſhed by heating, and by the 
decompoſition of iron; and, laſtly, that it 
is probably annihilated by a very great de- 
gree of heat. 

Theſe truths being premiſed, it muſt 
be conſidered, firſt, that, according to in- 
numerable obſervations and daily experi- 
ence, the body of the earth contains al- 
moſt every where ferruginous bodies in 
various ſtates and bulks. Secondly, that 
the magnetic needle myſt be attracted by 
all thoſe bodies, and its fituation or di- 
rection muſt be determined by all thoſe 
attractions conſidered together, viz. from 


their common centre of action. Thirdly, 


that by removing or altering the degrees 
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of attraction of ſome of thoſe bodies, 
which are ſituate on one fide of the mag- 
netic meridian, more than of thoſe: fitu- 
ated on. the other fide, the above-men- 


| tioned common centre of attractions, and, 


of courſe; the direction of the magnetic 
needle, muſt be altered, which, in fact, is 
the variation of the needle. And, laſtly, 
that this alteration in the attractions of 
ſome of the ferruginous bodies in the earth 
muſt undoubtedly take place, it being oo- 
caſioned by the parts of the earth being 
irregularly heated and cooled, by the action 
of volcanos, which decompoſe or otherwiſe 


alter large maſſes of ferruginous ſubſtance 


by earthquakes, which remove. ferrugi- 
nous bodies from their original places; 
and we may add alſo by the aurora borealis, 
for though we are as yet ignorant of the 
cauſe of that ſurpriſing phenomenon, it is, 
however, certain, that the magnetic nee- 
dle has been frequently diſturbed when the 


aurora borealis appeared very ſtrong. 


The magnetic needle, therefore, being 


_ neceſlarily affected by theſe cauſes, and they 


appearing ſufficient to acount for its varia- 
5 tion, 
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tion, it ſeems unneceſſary to have recourſe 
to other hypothetical cauſes, which are not 
eſtabliſhed on actual experience, 

In order to exemplify this explanation 
of the variation in a familiar manner, I 


made the following experiment: Four 


earthen veſſels were diſpoſed round the 
magnetic needle, two near its ſouth, and 
the other two near its north pole, but not 
at equal diſtances. In one of thoſe veſſels 
there was placed a natural magnet ; the 
ſecond contained ſeveral ſmall bits of mag= 


netic ſteel mixed with earth; and in each 
of the other two there were put about 


four ounces of iron filings. Things be- 
ing thus diſpoſed, and left undiſturbed for 


about half an hour, the needle remained 


unaltered. Then the pieces of magnetic 
ſteel and earth were ſtirred with a ſtick, 
in conſequence of which the needle was 


agitated. After this, ſome diluted vitri- 


olic acid was poured upon the filings in 
one of the veſſels, the action of which at- 

tracted the needle that way; but whilſt 
the needle remained in that ſituation, ſome 
diluted vitriolic acid was poured upon the 


iron 
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iron filings in the other veſſel, which ſtood 

on the other fide; in conſequence of which 

the needle went back again towards its for- 

mer direction. Whilſt the efferveſcences 

were going on in the two veſſels, the magnet 

in the firſt veſſel was heated by means of 
boiling water, which occaſioned another 

alteration in the direction of the magnetic 

needle ; and thus, by altering the ſtate of 

the ferruginous ſubſtances in the veſſels, 
the needle's direction was altered, in evi- 

dent imitation of the natural variation, 
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ADDITIONS. 


O page 10.—In the proceſs for con- 
verting caſt iron into malleable iron, 
beſides the action of heat and air, the 
metal is alſo hammered in various direc- 
tions by heavy hammers. | 
To page 131. —Amongſt the other 

points of analogy between magnetiſm and 
electricity, the following obſervation muſt 
be enumerated ; viz. that when the aurora 
borealis (which has been thought to be 
an electrical phenomenon) forms a lumi- 
nous arch towards the northern part of 
the horizon, the moſt elevated part or 

| middle. 


333 APPENDIX. 
middle of that arch is generally in the 
magnetic meridian. | 
To page 153.—In the uſual conſtruc. 
tion of magnetic needles, the points or 
extremities of the needle, which indicate 


the diviſions on the graduated circle, &c, 
are below the point of the needle's ſuſ- 
penſion ; hence, when the needle vibrates 
not horizontally but like a pendulum, 
thoſe. points cannot be ſteadily directed to 


the ſame diviſions to avoid which, in the 


_— 


beſt fort of needles, eſpecially thoſe uſed 
for variation compaſſes, two pieces of other 
metal are affixed to the extremities ,of the 


needle; which pieces are firſt bent alitle way 


upwards, and then they are turned again 
horizontally, ſo as to terminate in the ſame 
line with the needle's point of ſuſpenſion. 

To page 162.— The pivots of the jim- 
bols of this, as well as of the common 
ſort of compaſſes, muſt lie in the ſame 
plane with the point of ſuſpenſion of the 
needle or card; in order to avoid, as much 
as poſſible, the irregularity of the vibra- 
tions. 
| A LETTER 
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4 LETTER 7 the AuTuon.. 
Dear Sir, 
When you vas pleaſed to mention youd 
having inſerted, in your new publication 
on Magnetiſm, the general caſes J had fur- 
niſhed you with, reſpecting the declinations 
of the magnetic needle which would: reſult 


from every poſſible aſſumed poſition of the 


magnetic poles, ſuppoſing the earth to be. 
one great homogeneous natural magnet; I 
wiſhed that you had added, as an«exan- 
ple of the laſt and moſt. important caſe, 
the real ſtate of the magnetical declina« 
tions about the middle of this century; 
which, from the beſt obſervationꝭ I could 
then procure, I had alſo committed to pa- 
per above twenty years ago. But I find ãt 
would now come too late for your Printer; 
and, upon farther conſideration, I am of 
opinion, that it would be of much more 
conſequence, if either yourſelf, or ſome 


.of the other ingenious Members of the 


Royal. Society, would take che trouble of 


comparing the magnetical obſervations 
made during the different voyages Which, 


by order of his preſent Majeſty, were all 


undertaken 
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undertaken and performed during the time 
IJ was abroad; and from the whole, to- 
gether with ſuch other helps as they might 
have acceſs to, if one general chart, ſuch 
as Dr. Halley's, was now publiſhed, it 
would not only prove a valuable preſent 

to our modern navigators, but might alſo 
furniſh a material ſtep towards the inveſti- 
. of this curious and intereſting ſub- 
ject. 

It is very remarkable, (that when Cap- 
tain Cook, in his ſecond voyage, croſſed 
the line of no declination, which paſſes 
through the continent of New Holland, 
the declination of his compaſſes altered 
about 14* in two days run: again, in his 
laſt voyage, though not ſo far ſouth, the 


alteration of the declination, in proportion 


to the diſtance, was greater than uſual 
near to that line. The dipping-needle 
likewiſe ſhows a conſiderable degree of 
inclination upon this line. In ſhort, from 
various conſiderations it would appear, 
that if this Earth has the common pro- 
perties of a natural magnet with only two 
poles, one of them muſt be fituated in 
this line; and, though not within the 60* 

| 2 
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of latitude, as Mr. Euler imagined, yet 
it may poſſibly be found not far from the 
70. If, therefore, it appears practicable 
to fail to the 70“ of ſouth latitude, or 
beyond it, about the meridian of Botany 
Bay, keping in eaſt declination ; and then' 
to run weſtward till the weſt declination 
becomes evident : if at the ſame time they 
have a dipping-needle on board, that with- 
out much trouble could give the magnetic 
inclination at ſea with a tolerable degree 
of accuracy®; and about a hundred weight 
of ſoft iron, with a good balance, I cannot 
help thinking that ſome curious diſco- | 
very might be made. hay 

The ingenious M. Maupertuis, m his 
letter to the late King of Pruſſia on the 
advancement of the ſciences, among other 
curious articles, having mentioned a north- 
ern voyage, adds, „to obſerve the phe- 
* nomena of the loadſtone, on the very 
ſpot from whence it is ſuppoſed to 


© See the deſcription of my dipping · needle, page 168, 
ud in the Philoſophical TranſaQions Vol. LXV. © 
draw 
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« draw its original influence.” But 
ſuch voyages were not in the power of 
Frederic the Great. It is to our pre- 
ſent gracious Sovereign that the world 
will ever be indebted for ſuch noble, 
extenſive, and diſintereſted diſcoveries, 
All acceſs to the north pole having been 
impracticable, by the voyages of 
Lord Mulgrave and Capt. Cook, it now 
only remains to be determined, whether 
it is poſſible to come at the ſouth magnetic 
pole; which, for the reaſons already men- 
tioned, ſeems at leaſt more probable, if it 
be judiciouſſy attempted.— Along with this, 
I have ſent you a few curſory obſervations 
on the declination, which I have always 
conſidered” as the moſt important, as well 
as the moſt curious part of the ſubject of 
magnetiſm, If you chuſe to publiſh them 
in your Appendix, you are not to conſider 
them as complete or infallible: I only 


wiſh to take this opportunity of exciting 
enquiry into this very intereſting ſubject; 
and when your Book comes to a ſecond 
* I hope to have it in my power to 
| communicate 


on 
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communicate ſomething more aufg 
on this head; for I ever am, 
-. Dear Sir, | 
Your moſt obedient 4 
humble ſervant, | | 


J. LORIMER. 


Mr. CAVALLO. 


iſt. That line, which I ſhall call the 
Atlantic line of no declination, ſeems” to 
take its origin from the north magnetic 
pole, and crofling the different meridians 
in a ſouth- eaſterly direction, reſembling 
in form the long letter 8, it trayerſes the 
continent of North America, enters the 
Atlantic ocean to the northward of Charles- 
Town, and fo proceeds towards the ſouth 
pole. Upon the weſt fide of this line 
there is eaſt declination, and upon the 
caſt ſide thereof, weſt declination z which 
laſt gradually increaſes as you go to the 


eaſtward, till you get beyond the Cape 
of Good Hope, or about mid-way be- 
tween the Atlantic and the Eaſt-India 
line of no declination, where it amounts 
to 31*, about the latitude of 48* ſouth ; 

Z „ 
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and then it regularly decreaſes — 

India line of no declination. : + © © 
Again, as you 80 to the 'eaſtward of 
that line of no declination, the eaſt 
declination increaſes rapidly till you get 
ta the eaſtward of New Zealand, where 
it is upwards of 137 even in that la- 
titude; but from thence as you proceed 
eaſtward, ' for about 40 in longitude, 
this declination appears to decreaſe; 
and again it incraaſes till you are to the 
eaſt ward of Cape Horn; where, in - the 
latitude of 51 ſouth; it amounts to 21 
28% and then gradually deereaſos to the 
Atlantic line of no declination aforeſaid. 
Upon the whole, it would appear, that 
theſe obſervations agree pretty nearly with 
the 4th general caſe which I formerly ent 
you, except in that decreafing eaft declina- 
tion to the eaſt ward of New Zealand. But 
admitting that the vaſt body of water in 
the great Pacific ocean, which cannot 
no effect in producing this / ircegularity, 
yet we are not to expect even that the 
* of u be ſo uni- 
formly 


r 


y 
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formly magnetical throughout, as to an- 
ſwer entirely with ene, in every 
part thereof. 

2d. The magnetic needle not dy de- 
clines, or varies from the true north, dif- 
ferently in different parts of the earth at 
any one time; but likewiſe in the ſame 
place this declination is different at 
different times: I would therefore call 
it, by way of diſtinction, the variation of 
the magnetic needle. c 
zd. At London and Paris, where the 
moſt accurate obſervations have been made, 
towards the latter end of the ſixteenth 
century (and we cannot pretend to much 
earlier obſervations) there was between 11* 
and 12* of eaſt declination, which gradu< 
ally decreaſed ; fo that in leſs than a hun- 
dred years afterwards, there was no decli- 
nation at all in thoſe places. From 1657 | 
at London, and 1666 at Paris, a weſt de- 
clination began, and has ever ſince in- 
_ creaſed, gradually though not uniformly, 
or in the direct proportion of the times; 
for ſuch is the nature of tho magnetic de- 
2 2 clination, 
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clination, that, like the apparent motion of 
the planets, ſometimes itis faſter, ſometimes 
lower, and at other times it is ſtation- 
ary ; analogous alſo to the elongations of 
the inferior planets, at one time it is to 
the eaſt, and at another time to the: welt, 
2 . 

We may f nber 8 that * = 
clination lines of the ſame name, have 
always reſpectively pafſed London ſome 
years before the ſame lines arrived at Paris; 
and the like obſervations have been made 
in other parts of the northern hemiſphere: 
that is, in this hemiſphere; the Halleyan 
lines have regularly paſſed [thoſe places 
firſt which lay moſt weſterly; and ſo in 
order thoſe which lay more to the eaſtward. 
For in the latter end of the ſixteenth, and 
the beginning of the ſeventeenth century, 
there was an eaſtern. declination over moſt 
parts of Europe, while on the coaſt of 
North America a weſt declination prevail- 
ed; the line of no declination-being then 
ſituated about the Azores. This line of 
no declination has ever ſince moved gra- 

: | dually 
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dually eaſtward, the lines of eaſt declina- 
tion receding before it, while thoſe of the 
weſt declination have regularly followed it. 

4thly. In the ſouthern hemiſphere, how- 
ever, it is quite otherwiſe; for about the 
latter end of the ſixteenth century, a line 
of no declination paſſed near to the Cape 
of Good Hope, upon the eaſt ſide of which 
there was weſt declination, and upon the 
weſt ſide thereof eaſt declination ; each of 
which declinations, in going eaſtward or 
weſtward, gradually increaſed to a certain 
degree, and then in the ſame manner de- 
creaſed to nothing, ſomewhere to the eaſt- 


ward of Jon,” one of the Eaſt India | 


iſlands, © ; \ 
Thedeelination in the Pacific ocean has not 
as yet (in 1775) been ſo fully aſcertained, 
only in general we find, that the declination 
is eaſterly over moſt part of that extenſive 
| ocean, The line of no declination, which 
was then ſituated a little to the eaſtward of 
the Cape of Good Hope, has ever ſince 
been moving to the weſtward, and the 
lines of eaſt declination have gradually re- 
| 2 5 ceded 
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ceded before it, while thoſe of the weſt 
declination have followed it with a pro- 


portional pace; ſo that at the Cape of | 


Good Hope there is now a conſiderable weſt 


declination (about 22*), and the line of no 
declination has moved many degrees to 


the weſtward thereof. 
th. From the preceding obſervations 


then it plainly appears, that the Halleyan 


lines in the fouthern hemiſphere do gra- 
dually move from caſt to, weſt, while the 
motion of thoſe lines in the northern he- 
| miſphere is from weſt to eaſt ; and here 
we ſhall reſt the matter for the preſent. 

I juſt beg leave to obſerve, that in treat- 


ing of this ſubject, I have all along only 
endeavoured to explain the manner in which 
magnetiſm acts upon this globe; yet if 


the preceding concluſion is admitted, vis. 
that the progreſſive motion of the lines 
of declination in the northern hemiſphere 
is conſtantly from weſt to eaſt, and in the 
ſouthern hemiſphere from eaſt to weſt, 


this diſcovery will be of as great uſe to us 


in Framing, regulating, or judging of our 
3 future 
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future charts or tables of the declination, 
or variation of the mariners compaſs, and 
will anſwer the purpoſes of navigation as 
well, as if we were thoroughly acquainted 
with the primary cauſes of all the pheno- 
mena of magnetiſm. bs: 


—————— 
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AGATE CAPS, for compaſs needles, deſcribed, 
page 148. | 

Amplitude of a celeſtial object, what, 248—how aſcer. 
tained, 250. 15 5 

Animal ſubſtances attracted by the magnet, 73. 

Armature of a magnet, what, 38—conſtruction of, 
265—ſtrengthens the power of the magnet, 267. 

Artificial magnets, what, 2—general method of mak- 
ing them, 76. 80. 221—made without the inter- 
ference of any magnet, according to the vulgar 
idea, 99—particulars neceſſary to be kept in view 
in conſtructing them, 9g—Mr. Canton's method 
of conſtructing them, 231—crooked, how made, 
239—in what manner they are to be armed, 267— 
a new method of conſtructing them examined, 

307. 7 | | 

Attraction of gravitation, 1g—of coheſion, 19—chy- 
mical, 20—electrical, 20. 

Attraction, magnetical, 2. 19. 20 - takes place between 
magnetic poles of different name, 4 is various ac- 

cording to circumſtances, 21 - here ſtrongeſt, 22— 
is mutual between the magnet and iron, 21 law 
of its diminution not yet aſcertained, 23—is not 

4K | % >} . affected 


* 


I 


— 
- 
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affected by the interpoſition of any ſubſtance ex- 
cept iron, &c.  24—in what manner it may be in- 
creaſed or diminiſhed, 35. 215—of the north pole 
of a magnet ſtrongeſt in the northern hemiſphere, 
&c. 35—of one pole of the magnet is increaſed by 
applying a piece of iron to the other pole, 36—is 
proportionably ſtronger in ſmall natural magnets 
than in larger ones, 36—between the magnet and 
other bodies, G- between the magnet and other 
bodies, how aſcertained, 197—between the mag- 
net and braſs, 284. 295—is not a ſure indication of 
the preſence of iron, 305——is increaſed by the action 
of acids on iron, 315. PEE 

Axis of a magnet, what, 41.. eo ; . 
Azimuth compaſs, what, 156—deſcribed, 162—uſe of 
deſcribed, 248. 250, &c. 8 6 
Aximuth of a celeſtial object, what, 155 -in what man- 

ner muſt be aſcertained, 251. 254. | 
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Bars, magnetic, deſcribed, 143 - proper way of keepin 

them, 14.5—conftruQon , der Artificial rc ; 

Braſs, its properties relating to.magnetiſm examined, 
284—ſummary of the obſervations relating to its 
magnetiſm, 295—caution concerning the uſe of, 
299» 


. * : 


4 . 


C 
Caps for compaſs needles, of braſs, 147—of agate, 148. 


Centre, magnetic, what, 88—its generation and motion, 
208—removed, 220. | 


Chart, declination, what, 112—Dr. Halley's, 112. 114. 
—Meflrs. Mountain and Dodſon's, 112. 114. 
Cinders, finery, what, 10, | 


Cobalt attracted by the magnet, 70—a ſort of, repelled 
by the magnet, 71. Wy | 


Communicated magnetiſm, 29. 75. | 


Compaſs, mariners, what, 45—its invention, 45—its 
y variation, 
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variation, 46— principal forts of, x56—defcribed, 
1 2 3 — as, 1 Who prevented, 


Prov variation, deſcribed, 16; + 312. | 
Gampound magnet, conſtruction of, 267, 268, 
Condubtors for artificial magnets, _ 150. 
per not magnetic, 1 15 
e bein, , e nn it wy 
21 


* . 


| Declination 25 the magnetic 2 what, 23 . 
ing to the imperfect conſtruction of the needles, 


- &c. 49—diſcovery of, 4q+lift of the declination in 
various places, 52—in London, 55—caſt or weſt, - 


what, 5a-rhow, OM: 256—lines of the, 
what, 113. 337» 

Dipping of the magnet, or of the magnetic needle, 
what, 4. 42—in what manner is to be obſerved, 
YON 
Digping-needle deſcribed, 166—uſe o, 257 —imper- 

feccions of, 258. 

Direfive property of the magnet, 42—its uſes, 44——i5 
N to a greater diſtance than the Ne 
97- 203. | 

Double touch, what, 239. ) 
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Barth edifetiee as a large ma gnet, 61 i mag · 
netiſm ſhewn, 77—hypotheſſs of its magnetiſm, 


_ - 107-—conjecture relating to its ne, 175. 
Earths attracted by the magnet, 72. 


Electricity produces magnetiſm, 83. 269 —its analogy 
to maguetiſm, 126. 331. # 


Electrics, what, 129. 
* of a magnet, what, 41. 


6 5 F Ferruginous 
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nous ſubſlances, what, 14 become magnetic 
was within the 7 above of a —ͤ AC. 
tion, 29. | Re 1 BE THR en 
Filings of iron, the magnet's action on them, 192. 
Finery cinders, what, 10, *- 
| G 
Gold not magnetic, 31. 
Heat diminiſhes the attraction between the magnet 
and iron, 309. 310. 313. WY 0 
Heating of a magnet, a remark thereon, 314. 
Horfe-ſhoe magnet, defcr ibed, 38. W 


Jimbolts, what, 157. 1 
Inclination of the magnet, or of the magnetic needle, 4. 
42. 59—liſt of in different places, 644. 
Inflruments, magnetical, deſcribed, 141—their uſe, 246. 
Iron, is attracted by the magnet, 2. 20 the attrac- 
tion is mutual between it and the magnet, 21—its 
_ ores, 7—natural hiſtory of, b—its ſpecific gravity, 6 
—caſt, what, 9—malleable, 10. 331—redſhort, what, 
10—cold ſhort, what, 10—is calcinable, 13=ſoft, 
is attracted more powerfully than ferruginous bo- 
dies, 21—is attracted with different degrees of force 
according to its various ſtates, 67.315—attracted-dif- 
_ according to its — 68 - hen 
oft it does not retain the magneti quires 
magnetiſm by poſition, — weighs nas affected 
by being rendered magnetic, 93—acquires: mag- 
netiſm by remaining long in one ſituation, &c. 52 
—acquires magnetiſm from the earth, za — when 
red-hot is not attracted by the magnet, 309. 310— 
effects that happen in the decompoſition of, 315— 
an exceedingly ſmall quantity of is attractable, 322. 


L Lapis 


* 
Lapis heracleus, what, 1. 
Lapis nauticus, what, 2. | | 
Lead, its calx attracted by the magnet, 70. 
Lines of declination or of variation, what, 113—0f 
weſt declination, 113—of eaſt declination, 113 
of nodeclination, 113 -obſervations on them, 337, 


Lead-flone, what, 1. 
M 


Magnet, natural, what, 1. 16—its etymology, 1—ar- 
tificial, what, 2—its characteriſtic properties, 2— 
its poles, 3—its directive property, 3—its declina- 
tion, 3—attraQs iron, &c. 2. 66—attracts and re- 


pels another magnet, A—its colour, 17 its hard» 


neſs, 18 - where found, 18—its power weakened by 
heat, 35—loſes nothing of its power by imparting 
magnetiſm to other bodies, 8o - cannot communi- 
cate a ſtronger. power than itſelf pollcfles, 8o—its 
power weakened by an improper ſituation, 93=its 
action on magnetic bodies, 184—often has more 
than two poles, 39—why it attracts ſoft iron more 
| powerfully than any other ferruginous body, 206. 
Magnetic properties in general, 2—poles, . 
eg 3—meridian, 3—attraQtion and repul- 
ſion, 2. 4. 19.— See Attraction and Repulſion. 
MHagnetical inſtruments, See Inſtruments —line, what, 
62—needle, Se Needle. a 
Magnetiſm communicated, 29. 75—requires a certain 
time to be communicated to hard iron, &c. 81— 
not always communicated by rubbing a piece of 


ſteel with an iron bar, e analogy to electrici- 


ty, 126—communicated to iron from the earth, 
221. 225—an eaſy way of communicating it to a 
ſmall piece of ſteel, 229—in what manner is to be 
communicated by means of two magnetic bars, 


-236—communicated by the application of one mag- 


netic pole, 241—communicated by means of elec- 
tricity, 83. 269—requires a certain time to pene- 
CF trate 


bn, 


„ m 


trate through a piece of iron, 270 of a wire weak . 


ened or deſtroyed by bending, 272—of ſplit wires, 

274. EE Os | 

Magnets, their action on each other, 207. 

Mariners compaſs, See Compaſs, 

Medicinal properties of the magnet not true, '102. 

Meridian of a magnet, what, 42. f 

Metallic mixtures, certain not magnetic, 300. 301. 

Minerals, earthy, attracted by the magnet, 72—in- 
flammable, attracted by the magnet, 72. Ts 

Natural magnets, in what manner their power ma 
be impaired, 244—how ftrengthened, 245—their 

wer impaired much more' by cutting off a part 

in the direction of the axis, than otherwiſe, 266— 
in what manner muſt be armed, 265—imitated, 
270. | 

Needle, magnetic, its declination, 3—its inclination or 
_ dipping, 4—its conſtruction various, 146—its beft 
ſort of ſuſpenſion, 147. 332—an . improper way of 
conſtructing them, 148—a ſort of ſuſpenſion wherein 
the perforation is avoided, 149—Chinefe' way of 

ſuſpending it, 150—for the variation, how con- 

ſtructed, 153—a univerſal one deſcribed, - 168— 

particulars to be kept in view in the conſtruction 

of, 153. 332—dipping, deſcribed, 166—the author's 

peculiar way of ſuſpending it, 276. 

Nickel, whether magnetic, 301. 

Netions, erroneous, relating to magnetiſm, 101. 


O 
Obſervation compaſs, what, 170. 
Ores of irony 7. | 
| P 


Paradox, magnetic, 261. 


Point 


ü * D k x. 
Point ef ſaturation, qa culminating, 88. 89. 218. 
Points of the compaſs, what, 1 5% — names of, 1 58— 
table ſhewing the angles they make with the meri- 
dian, 159. l ' 
Points of indifference, what, 85—laws concerning 
them, 89. „„ | 
Platina, its magnetic properties, 303. 
Polarity, what, 3. * | . 
Poles of a_ magnet, what, 3—of the ſame name 
ns different name attract each other, 4. * 
how aſcertained, 30 —their uſual number, 39. 40— 
their ſituation in good magnets, 40 ſucceſſive ones 
in the ſame bar, 86, 187—ſome of their poſſible 
ſituations examined, 117—to find them out in 2 
| n hp. body, 181. 182—their mutual action on 
each other, 210. 212. 217—their generation in a 
broken magnet, 218—in- long bars of ſoft iron only 
two, 323. | 


Dvickſitver, uſeful for ang the attraction be- 
tween the magnet and certain ſubſtances, 1 e- 
| marks on the uſe of, 280. 0 
| mw 
Repulſion between magnetic poles of the ſame name, 
Rhiumbs, what, 157—their names, 1$58—table ſhewing 
the angles they make with the meridian, 159. 


8 
Silver, not magnetic, 301. 
Single touch, what, 239. . 8 
Steel, what, 10—its properties, 11—how hardened, 
11—how tempered, 11—which ſort of it is beſt, 


13—how to find out the ſort fit for magnetic bars, 
143—when red-hot is not attracted by the magnet, 


309. 310. 


Stones, 


5 
1 


I 0:2 3X; 


Stones, precious, ſome of them are attracted by the 
magnet, 72. 
Supparts, what, 145. -neceſſary i in the conftruRtion of 
| artificial magnets, 231. 
8 
Tempering of ſteel, what, 12. 
Terrella, what, 41. 
Theory of magnetifm, 105. 


Touch, double or fingle, what, 238. 


n * 3. 
V. 


mn of "Ra needle al, ** | 


58—needle, 1 53—compaſs deſcribed, 163—com- 
s of a new ſort propoſed, 279—the author's 


_ thoughts thereon, 324—an-experiment exempliſy- 
ing it, 328. 


Vegetable ah lasen . by the magnet, 73. 
Vaſſel at fea, in what manner is ſteeted by m of 
the ae, * FOOTY? | 
g » , WW : 
Water, uſeful in the method of aſcertaining the at- 


tration between the magnet _ certain ſubſtan- 
ces, 178. 


2 
Zinc, not magnetic, 300. 
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PREP A CE: 

HE Papers contained in this Supple- 
ment forming a conſiderable addition 
to my Treatiſe on Magnetiſm, and at the 
fame time not occaſioning any alteration 
of the firſt edition of that book; it was 
thought proper to publiſh them under 
the preſent form, beſides their being in- 
corporated with the ſecond edition of the 
. Treatiſe, in order that thoſe perſons who are 
poſſeſſed of the firſt edition, by purchaſing 
this Supplement, may have the work as 
complete as in its ſecond. edition. Four 
plates are added to theſe papers ; the firſt of 
which is, a delineation of Dr. Lorimer's 
dpping needle, a deſcription of which is 
contained in Chapter I. Part III. of the 
Treatiſe. The ſecond plate exhibits my 
new variation compaſs, which is deſcribed 
in this Supplement ; and the other two 
plates are illuſtrations of Dr. Lorimer's 
caſes of the poſitions of the magnetic. poles, | 
which are contained-in ma I. Part II. 
of the Treatiſe. 
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S, quid noviſti rettius ais 
1 imperti : i non, his utere mecum. 
Horat, Bpizt. VI, lib. 1. 
8 ECTION 1: . 
F we were to enter into the hiſtory of 


magnetiſm; the diſcovery of the mari- 


ner's compaſs, or even that curious ſubje& 
the declination or variation of the magnetic 


needle, we ſhould find that the compaſs 


was known probably before the year 118c; 


and the variation at leaſt as early as the 
month of Auguſt; 1269 *. Though that 


ſubje& was not brought to any kind of re- 


' ® See the Edinburgh periodical publication; entitled 
The Bee, vol. xiii. No 3. Columbus diſcovered the vd- 
riation of the compaſs in his firſt voyage, anno 1492.— 
Muſfchenbrek de Magnete, Exp. 97. 
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2 P Ar ERS on 
/  gularity till the time of Dr. Halley. The 
reſearches and obſervations of that inge- 
nious-gentleman have been of the utmoſt 
ſeryice in navigation; however whimſical 
his theory may have appeared to ſome 
people.— But this for the preſent we pals 
over. 3 | 


» 


' SECT. 2. On the principles of the ingeni- 
ous Mr. Euler (ſee the Berlin Acts, velume 
for the year 1757) the declination of the 
magnetic needle may in great meaſure be 
aocounted for, That is, ſuppoſing the mag- 
netic poles of this earth to be, at any one 
time fince actual obſervations have been 
made on that ſubje&, only two, but not 
ſituated diametrically oppoſite to each 
other. (See Cavallo's Treatiſe on Magne- 
tiſm, p. 117.) It is alfo well known that 
the magnetic declination is not only differ- 
Bs ent in different parts of the earth at the de 
ſame time, but that in a courſe of years it an 
alſo becomes different in the ſame place. 
Farther, that this declination in the ſame for 
place is not only different in different I 2 
years, but even the afternoon declination is the 
| | 2 generally 


% of 1 


ent 
1.15 
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zenerally different from the forenoon decli= 
nation of the ſame day. 8957 * 
1 N ADR N f 
Scr. 3. This ſubject appeared verx 
unaccountable till the year 1750, when the 
late Mr. John Canton explained it in a very 
ingenious manner; for having found by ex- 
periment, that by heating a magnet it loſt 
part of its attractive power, and by letting 
it cook, it recovered that power again; he 
like wiſe diſcovered by repeated obſerva- 
tions, that while the eaſtern parts of the 
earth were heated by the fun in the fore- 
noon, and conſequently had their magnetic . 
powers diminiſhed, the needle generally in- 
clined more to the weſtward, and that af- 
ter the ſan Had paſſed our meridian, and the 
weſtern parts of the earth began to be 
heated, while thoſe on the caſt af the me- 
ridian were cooled, the declination of the 
needle was lefs weſterly by ſeveral minutes, 
2nd that by next mornipg it had returned to | 
former poſition nearly. We fa y nearly, 
for after a courſe of more than twelve 
month's attentive obſervation he found that 
the declination was upon the whole increaſed 
WS: 225 of - 
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af about ten or twelve minutes of a degree. 
That this increaſe was occaſioned by the 
ſun's heat, appeared the more probable, as 

it took place moſtly in the ſummer months; 


and during the winter months there was 


but little alteration, as appears from the 
following table: * 


The mean difference of diurnal- variation for each month 
T in the year 1759. 365 


January + , > 26 28 4 
February - 8. 58. Auguſt 12. 19. 
March - 11. 1. September 11. 43. 
April - 12. 26. October 10. 36. 
May = - 13. o. | November 980 
June 13. 21. December - 6. 58. 


— 


SECT. 


Mx. Canton, it ſeems, made im 603 days about 
4000 obſervations on the ſubject, with an excellent va- 
riation compaſs about nine inches in diameter. In 574 
of - thoſe days the variation was regular, and conſe- 
quently only 29 irregular, according to Eis ſyſtem. Mr. 
Canton's opinion was, that when the variation in- 
creaſes from about eight or nine o'clock in the morn- 
ing till one or two in the afternoon, then becoming 
ſtationary for ſome time, after that returning back again 
to its former ſtation in the night, or by next morning, it 
is regular, But he calls it irregular when the needle 
moves eaſtward in the hotter part of the morning, or 
weſtward in the latter part of the afternoon ; alſo when 

| 12 
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Sxcr. 4. It muſt be allowed, according 
to the obſervations of ſeveral ingenious 
gentlemen, that the collective magnetiſm 
of this earth ariſes from the magnetiſm of 
all the ferruginous bodies therein contain- 
ed, and that the magnetic poles, ſhould 
therefore be confidered as the centres of 
the powers of thoſe magnetic ſubſtances. 
Theſe poles muſt therefore change their 
places according as the magnetiſng of fach 
ſubſtances. is affected; and if with Mr. 
Canton we allow that the general cauſe of 
the diurnal variation ariſes from the ſun's . 
heat in the forenoon and afternoon of the 
ſame day, it will naturally occur, that the 
ſame cauſe, being continued, may be ſuffi- 
cient to produce the general variation ,of 
the magnetic needle for any number of 
years. For we muſt conſider that ever ſince 
any attentive obſervations have been made 
on this ſubject, the natural direction of the 
magnetic needle in Europe has been con- 


it moves either way in the night, or ſuddenly, viz. 


when it moves both ways in a ſhort ſpace of time, The 
cauſes of thoſe irregularities he attributes to ſubter- 
raneous heat, to the Aurora Borealis, &c. 


83 à. 
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ſtantly moving, from weft to eaſt, and that | 
in other parts of the world it has continued 
its motion with equal conſtancy. 


SrcT. 5. As we muſt therefore admit 
that the heat in the different ſeaſons de- 
pends chiefly on the ſun, and upon the | 
whole that the months of July and Auguft 
will probably be found the hotteſt, while 
January and February are the coldeſt 
months of the year ; and that the tempe- 
rature of the other months falls into the 
reſpective intermediate degrees; though 
from calculation we can ſcarce pretend to 
aſcertain the abſolute heat of any particular 
month or day; fo we muſt conſider the in- 
fluence of heat upon magnetiſm to operate 
in the like manner, viz. that for a ſhort time 
it ſcartely manifeſts itſelf z yet in the courſe 
of a century, the conſtancy and regularity 
thereof becomes fufhciently apparent. It 
would therefore be idle to ſuppoſe, that 
ſuch an influence could be derived from 
an uncertain or ſortuitous cauſe. But 
if it be allowed to depend upon the con- 
tancy « of the lun“ 8 * and this ap- 
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pears to be a cauſe ſufficient to explain the 


- phœnomena, we ſhould (agreeably to New- 
b ton's firſt law of wü look no 
E farther. 
2 Ser. 6. As we therefore conſider the 
2 magnetic powers of the earth to be concen- 
N trated in the magnetic poles, and that there 
i is a diurnal variation of the magnetic 
R needle, theſe poles muſt perform a ſmall 
_ WH d4ivrnal revolution proportional to ſuch va- 
1 riation, and return again to the ſame point 
" nearly.,—Suppoſe then that the fun in his 
4 diurnal revolution paſſes along the northern 
" tropic, or along any parallel of. latitude 
4 between it and the equator, when he 
FR comes to that meridian in which the mag- 
74 netic - pole is fituated, he will be much 
10 nearer to it, than in any other; and in the 
oppoſite meridian he will of courſe be the 
7 fartheſt from it. As the influence of the 
1 ſun's heat will therefore act moſt power- 
_ fully at the leaſt, and leſs forcibly at the 
ut greateſt diſtance, the magnetic pole will 
*. conſequently deſcribe a figure ſomething of 
p- the elliptical Kind; and as it is well known 


B44. 
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that the greateſt heat of the day is ſome time 
after the ſun has paſſed the meridian, the 
| longeſt axis of this elliptical figure will lie 
north-caſterly in the northern, and ſouth- 
_ eaſterly in the ſouthern hemiſphere. Again, 
as the influence of the ſun's heat will not 
from thoſe quarters have ſo much power, the 
magnetic poles cannot be moved back to 
the very ſame point, from which they fat 
out; but to one which will be a little more 
northerly and eaſterly, or more ſoutherly 
and caſterly, according to the hemiſpheres 
in which they are ſituated. The figures 


therefore which they deſcribe, may more - 


properly be termed elliptoidal ſpirals “. 


SECT. 7. In this manner the variation of 


the magnetic needle in the northern hemi- 


ſphere may be accounted for. But with 
reſpect to the ſouthern hemiſphere we muſt 


The north magnetic pole may by this means be car- 

. ried, with a flow but conſtant motion, more and more 
to the north-eaftward, till it arrives at the region of the 
greateſt cold, which, by the bye, is ſuppoſed to be at 
ſome degrees diſtance from the natural pole of the earth. 
And likewiſe the other N pole will be car- 


fled, Ke. 
; recollect, 


ome Y 1 a. a. 15 7 + KDA 
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recollect, that though the lines of declina- 
tion in the northern hemiſphere have con- 


ſtantly moved from weſt to caſt, yet in the 
ſouthern hemiſphere, it is equally certain 


that they have moved from eaſt to weſt, 


ever fince any obſervations have been made 
on the ſubject *. Is it poſſible then that 


the magnetic pole in the ſouthern hemi- 
ſphere can move from eaſt to weſt, whilſt 
that in the northern hemiſphere, moves 
from weſt to caſt ?—I think not. But we 


muſt conſider this matter a little more at- 


tentively. In the firſt place it muſt be ob- 
ſerved, that in ſpeaking of the declination or 
variation of the magnetic needle, we always 
refer to the north end of the needle only. 


Thus when the north end of the needle 
points to the weſt of the meridian, we ſay. 
it has ſo many degrees weſt. variation, 0 


though the ſouth end thereof points as 
many degrees. to the eaſtward. Again, 
when the north end of the needle points to 


the eaſtward of the meridian, we ſay it has 


caſt variation, though the ſouth end points 
ö | 


® See Cavallo's Treatiſe on Magnetiſin, 
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to the weſtward thereof.—And the ſame 
language 1s uſed in the ſouthern as in the 
northern hemiſphere ;'ſo that if the ſouth 
magnetic pole, which governs the needle in 
that hemiſphere, move to the eaſtward, 
occaſions, as we ſay, the needle to have 
- weſt variation; and on the contrary if it 
move to the weſtward, it makes what we 
term, caſt variation. This therefore is the 
cauſe, on account of which the lines of 
magnetic declination, or Halleyan curves, 
as they are now commonly called, appear 
10 have a contrary motion in the ſouthern 
hemiſphere, to what they have in the nor- 
thern; though both the magnetic poles of 
the earth move in the ſame direction, that 
is from welt to caſt *. | 
BN SECT, 


In the northern hemiſphere there was a line of no 
variation, which had eaſt variation on its eaſtern ſide, and 
welt variation on its weſtern ſide. This line evidently 
moved from welt to eaſt during the two laſt centuries; 
the lines of eaſt variation moving before it, while the 
lines of weſt variation followed it with a proportional 
pace. Theſe lines firſt paſſed the Azores or Weſtern 
Idands, then the meridian of London, and after a certain 
number of years Kill later, they paſſed the meridian of 
Paris. 
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Ser. 8. This might be made {till more 


evident by a diagram, or by means of the 


mariner's compaſs and a common magnet: 


and here we might reſt the matter for the 


preſent, but I cannot help mentioning the 


idea of Dr. Gowin Knight, a gentleman 


undoubtedly known to have been well ac- 


cal magnetiſm, —His opinion was, that this 
carth had originally received its magnetifin, 
or rather that its magne-ical powers had 
been brought into action, by a ſhock, which 
entered at about the ſouthern, and paſſed 


cut at the northern tropic. His meaning 


appears to haye been, that this was the 
courſe of the magnetic fluid, and that the 


v, 


quainted with practical as well as theoreti- 


magnetic poles were at firſt diametrically 


oppoſite to each other. 


: Paris. But in the 9 hemiſphere there was another 


line of no variation, which had eaſt variation on its 
weſtern, and weſt variation on its eaſtern ſide; the lines 


wel variation followed it, This line of no variation 
firſt paſſed the Cape des Aiguilles, and then the 


of eaſt variation moving before it, while thoſe of che 


Cape of Good Hope; the lines of 5e, 10% 15%, and 


20%, welt variation following it, the ſame as was the 
caſe in the northern N e in contrary direction. 


5 _ ExeT, 


of PAPERS ON 


7 WR 9. In this Eſſay our intention has 
all along been to avoid ſuppoſitions merely 
theoretical ; for we do not pretend to explain 
the cauſes of magnetiſm on any. theory 

however plauſible. Vet we have no ob- 
;jection to Dr. Knight's ſuppoſition, that 
the magnetic poles might at firſt have been 
oppoſite to each other; though, according 
to Mr. Canton's doctrine, they would not 
have long continued ſo; for from the in- 
tenſe heat of the ſun in the torrid zone, ac- 
cording to the principles already explained, 
the north pole muſt have ſoon retired to 
the north-eaſtward, and the ſouth pole to 
the ſouth-eaſtward. It is alſo curious to 
obſerve, that on account of the ſouthern 
hemiſphere; being colder upon the whole 
than the northern hemiſphere *, the mag- 
netic. poles would have moved with unequal 
pace; that is, the north magnetic pole 
would have moved farther in, any given 


IIt is well known that in the courſe of the year the ſun 
is for about eight days longer in the northern than in the 
ſouthern hemiſphere; but without entering into all the 
cauſes of this effect, it is here ſufficient to obſerve that 

this fact has been indiſputably prev ed. 3 
FO | time 
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time to the north-eaſt, than the ſouth 
magnetic pole could have moved to the 
ſouth-eaſt, And, according to the opinions 
of the moſt ingenious authors on this ſub- 
ject, it is generally allowed, that at this time 
the north magnetic pole is conſiderably 
nearer to the north pole of the earth, than 


the ſouth magnetic pole is to the ſouth pole 
of the earth. _ 
Charlotte Street, 6. 30 1794. 
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P. &. Several i ingenious ſea officers are of 
opinion that in the weſtern parts of the 
Engliſh Channel the variation of the mag- 
netic needle has already begun to decreaſe ; 
having in no part of it ever amounted to 
25*% There are however other perſons 
who aſſert that the variation is ſtill increaſ- 
ing into the Channel, and as far weſtward as 
the 15th degree of longitude and g1* of 
latitude, at which place they * that it 
amounts to about zo . 
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EXAMINATION . -. * 
| or a 
Ma. BEN NET“ E 
Remarks on ſome Magnetical Experiments 
* . 
8 2 5 ſome years ago deſirous of in- 
veſtigating the ſubject of magnetiſm, 
and of elucidating if poſſible ſome of the 
wonderful and inexplicable propertics of 
iron and of the magnet, as well as of ſome. 
other bodies related in a.certain manner to 
them, I made ſeveral experiments, which 
were attended with a few remarkable, and till 
then unobſerved effects. The account of 
thoſe experiments is contained in two papers, 
the firſt of which was publiſhed in the 76th, 
and the ſecond in the 77th vol. of the Phil. 
Tranſ. They were afterwards alſo pub- 


8 in my Treatiſe on Magnetiſm. Four 
| years 
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years after; on the 26th of January, 1792, 
a paper of the Rev. A. Bennet, F. R. 8. 
on the ſubje& of magnetiſm, was read at 
the Royal Scciety, aad was afterwards pub- 
liſned in the Phil. Tranſ. for that year. 
In this paper the author examines and con- 
tradicts the reſult of moſt of the experi- 
ments 'contained in my above-mentioned 
two papers. The improper reaſoning diſ- 
played in Mr. Bennet's paper, the formal 
detail of inadequate experiments, and the 
concluſions aſſerted in contradiction to the 
reſult of my experiments, might have per- 
haps demanded a ſpeedy anſwer. But ſuch 
is my averſion to controverſy, that had his 
aſſertions remained in his paper, I ſhould 
have never taken any notice of them; on 
the ſuppoſition, that any impartial perſon. 
who may be deſirous of examining this 
ſubject, ſeeing that contradictory propoſi- 
tions were afferted concerning the very 
ſame point, would form his judgment on 
the reſult of actual experiments, eſpecially 
when they are neither difficult to be per- 
formed nor expenſive, rather than give cre- 
dit to any particular aſſertion. Finding 
| however 


* 
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however that this is by no means the caſe; 
and having obſerved in ſeveral recent pub- 
lccations (as dictionaries of arts and ſci- 
ences, reviews, abridgments of philoſophi- 
cal works, &c. the 5 of which 
cannot be expected to examine experi- 
mentally any controverted ſubject) that cre- 
dit is given to Mr. Bennet's aſſertions, and 
that the reſults of my experiments fall un- 
der the denomination of miſtakes rectified, 
errors corrected by Mr. B. &c. I have, 
after mature conſideration, thought it in- 
cumbent on me brieffy to thew, for the ſake 
of truth, as well as for my own reputation, 
that whatever I have. advanced in point of 
fat in the above-mentioned two papers is 


ſtrictly true; that what I have offered as 


matter of opinion is conformable to rea- 
ſon; and that Mr. Bennet's aſſertions, in 
oppoſition to mine, are evidently erroneous: 
In my experiments I diſcovered a remark- 
able property of iron, which is, that its attrac- 
tion towardsthe magnetic needle, or magnet; 
it increaſed to a certain degree by the ac- 
tion of vitriolic acid. The experiment, in 
ſhort, is as follows : ſome pieces of iron, as 


I filings; 
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filings, nails, &c. are put into an earthen 


pot, and the pot is placed laterally near 


one end of a ſenſible magnetic needle ; 

conſequence of which that end of the A's 
will be drawn away from its natural di- 
rection, and will approach the pot more or 
leſs, according to the quantity of iron, and 
vicinity of the pot. In this fituation if 
dilyted vitriolic acid be poured upon the 


iron in the pot, ſo as to occaſion a briſk ef- 


ferveſcence, the needle will be found to 
come nearer to the pot during ſome mi- 
nutes, after which it will gradually recede. 
This increaſed attraction is more or leſs, 
according to the quantity, ſurface, and vi- 
cinity of the iron, according to the briſk 


nels of the efferveſcence, &c. ; * but with 


two or three ounces of iron filings, or 


with about fix ounces of nails +, and a 


ſuitable quantity of diluted vitriolic acid, 
the needle may be expected to make a 


* See the Yreatiſe, p. 315, and following. 
+ The quantity of nails muſt be much greater than 


that of the filings, becauſe the former preſent a propor- 


tionably ſmaller ſurface to the acid, than' the latter. 
C N movement 


. 
1 


# 4 
1 

— 

1 


2 3 . 2 "OTA D EY 6 
£ . 2 . þ 
* 5 i. — 1 % "_ — 4 - — 2 Gi . 
2 7 3 43 7 : — -_ 8 . Þ g : 4 
2 Em *. — x ry —_— * 3 1 3 n J + f > ns * * n. 
q 1 4 * n * _ . ey; 8 * 1 vs / a 2 nn hs A 1 2 + i. * * 
2 K — — — 


9 
— — — 2 
. — 
= — 22 — — 
— — — — =. — 
* > . — : 
. _—- 
=. F 


2 


— — — 
WEE? 1 My 5 WHT 7 
=. a" 1 272 — — 
2 - Te 
l be 1 * n _ =; 
K 5 > ot : Pat; * „ 
HE Wh es = a... 42 3 * 
3 4 * Ce @. 2 . 3 


3 
Ty = 


- — 
4 2 1 


1 PAPERS ON. 


movement from about 15 to half a de- 


gree. 

When I firſt obſerved this Gam, 
I naturally ſuſpe&ed that the increaſed at- 
traction might have been cauſed by a 
3 of iron filings being brought by 
the violence of the efferveſcence nearer to 
that fide of the pot which ſtood towards 
the needle; and to avoid this ſource of miſ- 
take, I tried the experiment with a ſingle 
piece of wire inſtead of filings, and twiſted 


the wire in various directions, ſo as to be 


admitted into the pot. This experiment 
was ſeveral times repeated then, and alſo 
very lately, and the iron was uſed in various 
forms, viz. nails, turnings, pieces of wire, 
. &c. but the reſult has been invariably the 
fame; namely an increaſed attraction. 

Mr. Bennet ſays, that having repeatedly 
tried the above-mentioned experiment with 
filings, nails, and wires, he could never ob- 
ſerve any motion of the needle ; he thinks 
therefore that the effect obſerved in my ex- 
periments is owing either to the perpendi- 
cular height of the column of iron filings 


raiſed by the action of the vitriolic acid, 
5 or 


cc 
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or to the magnetic polarity of the wire. 
% Now, (ſays he) a quantity of harpſichord 
« wire bent in a great number of direc- 


« tions will poſſeſs in ſome parts a polarity 


« attractive, and in others repulſive, of the 
“ ſouth- pole of the needle; and when 


bs placed in an earthen veſſel, with its bot- 


e tom ſomewhat above the needle, it at- 
* tracts the ſouth pole, firſt by thoſe parts 
« which have acquired a north polarity by 
« bending ; and this attraction is ſtrength» 
« ened by poſition ; and alſo poſition gives 


« north polarity to other parts, in other 


«© reſpects indifferent ; then during the ef- 
« ferveſcence, the heat of the mixture di- 
« Jates the wire, and in ſome places there- 
by bends it one way or other, which 
* occaſions it to acquire the magnetiſm of 
« poſition, whence there muſt . ſometimes 


* reſult an increaſcd attraction. From theſe 
and other experiments it appears, that 


« whenever the particles of ſteel (hard 
© enough to be capable of fixed polarity) 


are by any means diſplaced, they admit 


their natural magnetiſm to become rare- 


* fied and condenſed by the influence of 
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2 the earth's magnetic atmoſphere ; and 
« thus the effect of electrical ſhocks on ſteel 
« wires may be explained: but it does not 
appear probable that the action of acids 
« increaſes the magnetic attraction of iron, 
* unleſs accompanied by other circumſtan- 
ces, to which an increaſed attraction may 
be more reaſonably attributed &. 

I ſhall not detain my reader with a for- 
mal examination of every part of Mr. 

Bennet's reaſoning, to ſhew that moſt of it 
is inapplicable to the preſent ſubje& ; but 
ſhall content myſelf with obſerving, that he 
did not perceive the increaſed attraction of 
iron, when ated upon by vitriolic acid, in 
ſo much as he uſed a magnetic needle that 
was not ſufficiently ſenſible for the purpoſe. 


As far as I can gather from his paper, it 


ſeems that he uſed the needle ſuſpended 


by a ſpider's thread according to his 


conſtruction deſcribed in the fame paper, 
p. 89. This needle is deſcribed to be 


| three inches long, and its motion is ſhewn 
7 ſmall ivory arch divided with : a few 


. Phy. Trau. for 1792, p. 93. 
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degrees, and placed near one of its ends. 
The length of the needle being three inches, 
and allowance being made for a ſmall 
length of hair, which was faſtened to one 
end of it, the circle of which the divided 
ivory piece is an arch, cannot be more than 
3: in diameter; conſequently the length 


of one degree in it is very nearly equal to 


eths of an inch, and the length of 
half a degree is sths of an inch, or 
little more than one hundredth part of an 
inch, and this is all the motion of the 
needle, which he could poſſibly expect in 
thoſe experiments. Now I leave it to any 
perſon at all converſant with divided in- 
ſtruments, to judge whether it was poſſible 
to diſcover ſo ſmall a movement in an 
inſtrument, which beſides the ſmallneſs of 
its ſize has many other capital imperfec- 


tions, it being deſtitute of a fixed centre of 


motion, of the ſubdiviſions of a degree, 
and of a lens or microſcope placed per- 


pendicularly over its extremity, - which 


would be abſolutely neceſſary to ſhew fo 
ſmall a motion as was neceſlary to be diſ- 
covered in thoſe experiments. I muſt there- 
EZ . 
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the earth's magnetic atmoſphere; and 
« thus the effect of electrical ſhocks on ſteel 
« wires may be explained : but it does not 
« appear probable that the action of acids 


_ jncreafes the magnetic attraction of iron, 


* unleſs accompanied by other circumſtan- 
% ces, to which an increaſed attraction may 
be more reaſonably attributed J. 
| I ſhall not detain my reader with a for- 
mal examination of every part of Mr. 
Bennet's reaſoning, to ſhew that moſt of it 
is inapplicable to the preſent ſubject; but 
ſhall content myſelf with obſerving, that he 
did not perceive the increaſed attraction of 
iron, when acted upon by vitriolic acid, in 
ſo much as he uſed a magnetic needle that 
was not ſufficiently ſenſible for the purpoſe. 
As far as I can gather from his paper, it 
ſeems that he uſed the needle ſuſpended 
by a  ſpider's thread according to his 
conſtruction deſcribed in the ſame paper, 
p. 89. This needle is deſcribed to be 


three inches long, and its motion is ſnewn 


dy a ſmall ivory arch divided with a few 


Phil. Tranſ, for 1792, p. 93- | 
degrees, 
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degrees, and placed near one of its ends. 
The length of the needle being three inches, 
and allowance being made for a ſmall 
length of hair, which was faſtened to one 
end of it, the circle of which the divided 
ivory piece is an arch, cannot be more than 
zu in diameter; conſequently the length 


of one degree in it is very nearly equal to 


-3tsths of an inch, and the length of 
half a degree is +535ths of an inch, or 
little more than one hundredth part of an 
inch, and this is all the motion of the 
needle, which he could poſſibly expect in 
thoſe experiments. Now I leave it to any 


perſon at all converſant with divided in- 


ſtruments, to judge whether it was poſſible 
to diſcover ſo ſmall a movement in an 
inſtrument, which beſides the ſmallneſs of 
its ſize has many other capital imperfec- 
tions, it being deſtitute of a fixed centre of 
motion, of the ſubdiviſions of a degree, 


and of a lens or microſcope placed per- 


pendicularly over its extremity, which 
would be abſolutely neceſſary to ſhew ſo 
ſmall a motion as was neceſſary to be diſ- 
| covered 1 in thoſe experiments. I muſt there- 
C3 fore 
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fore fay that Mr. Bennet's failure was 
owing to the inſufficiency . of the inſtru- 
ments, and that the propoſition proved 
and aſſerted in the account of my experi- 
ments, is ſtrictly true, and may be caſily 
proved by means of proper inſtruments 
and very little attention; namely, that the 
attraction of iron towards the magnet is 
increaſed by the action of War vitriolic 
acid upon the iron. | 
Mr. B. alſo repeated ſome of my experi- 
ments concerning the magnetiſm of braſs; 
and though he does not deny the facts, 
yet he offers an explanation of their cauſe, 
which ſeems to be extremely improper, 
and it is therefore neceſſary to ſhew its 
defect. : 
I found that moſt braſs becomes mag- 
netic by being hammered, and loſes that 
magnetiſm when ſoftened by heat in the 
uſual way. By becoming magnetic, I here 
mean nothing more but that it ſhews an at- 
traction for either pole of the needle, like a 
piece of ſoft iron #. The ſuſ picion which 


® See the Treatiſe on 9 p. 255 and 


allowing. rally 
Na 


MAGNETISM. 23 5 


naturally offered itſelf, on firſt obſerving. 
this phenomenon, was that in the act of 
hammering ſome particles of iron had been 
ſeparated from the hammer, and had at- 
tached themſelves to the braſs. This 
ſuſpicion, however, was removed by finding 
that braſs hammered between copper- 
plates, or flints, acquired the ſame property 


as when hammered in contact with iron. 
The next ſuſpicion was that the braſs 
contained ſome particles of | ſemicalcined 
iron, which by the action of hammering 
might perhaps have their metallic nature 
ſo far improved as to manifeſt a ſufficient 


degree of attraction towards the magnet. 


With this idea, and in order to prove or 


diſprove the ſuppoſition, I made a great 


number of experiments ; but I could never 
ſucceed to imitate this property of braſs on 
ſuch pieces of it, as had it not originally. 
I was, in conſequence of thoſe experiments, 


which may be ſcen at large in the above- 


mentioned papers, or in the Treatiſe, induced 
to conclude, that the property of attracting 
the magnet, or of being attracted by it, may 


- Exiſt independent of iron. Mr. Bennet, on 
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the contrary, thinks that this property of 


braſs is owing to ſome ſmall. quantity of 
iron, and that hammering renders it ſenſible 
by giving it ſome degree of polarity. This 
in my opinion is an erroneous explanation; 


and here follows my reaſoning. - If the at- | 


traction of the particles of iron contained 
in the braſs be manifeſted or increaſed by 
their acquiring polarity, that attraction 


could not be exerted indifferently towards 


either pole of the needle; for inſtance, when 
they attract the north pole, they ought to 
repel the ſouth pole, and vice verſe ; but 


this is not the caſe with the attraction 
of hammered brafs, excepting in ſome parti- 
cular caſes, which need not be examined | 


here. To this one may anſwer, that 
though the particles of iron acquire polarity 
by hammering ; yet their poles he in a con- 


fuſed order, and not all directed the ſame 


way ; in conſequence of which, when the 
fouth pole of the needle is preſented to a 
certain part of the braſs, the north poles of 
the iron particles attract it, and when the 
nor h pole of the needle is preſented to the 
ſame part of the braſs, it is then attracted 
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by he 90 ach poles of the particles of iron, 


But it muſt be obſerved, that whenever 
two or more pieces of iron or ſteel are ren. 
dered magnetic, and are afterwards diſpoſed 
in any order reſpecting each other, either 
their poles of contrary denomination lie fo 
contiguous to each other as to balance their 
contrary tendency, in which, caſe thoſe 


pieces will not ſhew more attraction than 


they did before they were magnetized; or 
their poles do not lie in that order, and then 
the increaſed degree of attraction in the 
aggregate of thoſe pieces is always exerted 
towards one, and not both the 8 of the 
n needle. 


DEScRIT- 


£ 5 
PAPERS ON 


3 
- 
& 


' DESCRIPTION axy USE _ 


Or 


A NEW ee COMPASS. 


err bulk and complication of the 


compaſſes generally in uſe for ob- 


ſerving the variation of the magnetic needle 
on land, were the principal reaſons which 
induced me to contrive a ſimpler conftruc- 
tion, that might anſwer the ſame purpoſe ; 
and I flatter myſelf that the compals, 
, which I am now going to deſcribe, and of 
which I have had ſufficient experience, will 
be found to anſwer as well as any other of 
the beſt conſtruction made before, and at 
the ſame time to be much ſimpler, ſmaller, 
and capable of being afforded by the philo- 
ſophical-inſtrument-makers for a very mo- 
derate price. 

The figures iſt and 2d of Plate II. 
exhibit a vertical view, and a ſcion, of 
this new compaſs, the drawings being two- 
- thirds of the real ſize of the inſtrument. 


; 
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The letters of reference indicate the 8. 
parts in both figures. | 
ABD is a braſs bottom with the cir= 
cular braſs piece ce i (ſcrewed faſt upon it, 
F G HK is a rim likewiſe of braſs, that 
ſlides on the outſide of the circular piece c 22, 
and to which the flat glaſs M is faſtened; 
ſo that when the rim is removed, the glaſs 
comes off with it. The ſhape of the needle 
is clearly indicated by the figures. It has 
a hole in the middle to receiye the agate 
cap, which is burniſhed into a braſs ſocket, 
and is fo ſituated into the needle, that the 
apex of its cavity does not riſe higher than 
the ſurface of the needle ; hence the point 
of ſuſpenſion upon the pin B is even with 
the upper ſurface of the needle. © By this 
means the pendulum-like oſcillations can- 
not diſturb the direction of the ſmall lines 
marked on the extremities of this needle; 
to obtain which object in other conſtruc- 


tions a braſs termination has been fre- 


quently adapted to each end of the needle, 
and thoſe terminations were turned upwards 
ſo as to come even with the point of. 
{uſpenſion, w which Was placed conſiderably 

| BE 
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higher than the upper ſurface of the 
- needle, 3 - 
The upper and lower Grfces of this 
needle are quite alike, and the braſs ſocket, 
which contains the agate cap, is made ſo 
as to admit of the needle being turned with 
either of thoſe ſurfaces upwards. The 
hole in the middle of the needle is quite 
cylindrical, and fo is the outſide of the braſs 
ſocket, which fits the ſaid hole exactly, but 
projecting a little way beyond the needle, 
has a ſcrew cut on that projection, upon 
which another circular piece of braſs is 
ſcrewed to fix it, as may be ſeen in fig. 2d. 
It is evident, therefore, that when the laſt- 
mentioned piece of brafs is unſcrewed, the 
ſocket with the agate cap may be put in ot, 
either ſide of the needle, and may be 
faſtened on the oppoſite fide of it. By this 
means a great ſource of error may be 
avoided, namely what arifes from the 
magnetical axis of the needle being not in 
the axis of its figure, which is frequently 
the caſe ; for if the direction of this needle 
be obſerved with one fide of it upwards, 
and then, the needle WINGS turned, be ob- 


ſerved 
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ſerved again with the other ſide upwards, 
eiche the ſecond obſervation coincides 

with the frſt, and then we may conclude 

that the magnetical axis of the needle lies 
truly in its middle; or the obſervations 
differ, and thence we ſhall know that the 5 
magnetical axis of the needle is not in the 

axis of its figure; but in this caſe we may 

have the real magnetie direction by taking 

a mean of the two obſervations, or we 

may thereby aſcertain once for ever how 
much the line of direction of the needle }. 
deviates from its magnetic axi?/ which 

when once aſcertained becomes? a fixed 
quantity to be either ſubtracted from, or 

added to, any other obſervation Thus 

for inſtance, ſuppoſe that in the 2: ob- 
ſervation the needle is found to point to 

20” 16, and in the ſecond (obſervation, 

15 viz. when turned with the other ſurface 
upwards, it be found to point to 25* 4, its 
true magnetic direction will be ah arith- 
metical mean between the two obſerva- 

tions, viz. 20˙ 100 ; oC 

Ihe upper fide of the circular piece cei 
is filyered and divided into degrfes and 
| : 14 half 


| 


— 
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half degrees, but thoſe divifions ban tos 
minute, are omitted in the figure, The 
bottom ABD has two projections and 
D oppoſite to one another, and on each of 
their chamfered edges a line is marked, 
which being drawn at the ſame time that the 
circle ce i is divided by the circular dividing 

engine, coincide exactly with the commence- 
ments of the numeration of the degrees 
on the 2ppoſite ſides of the circle, from 
Which places the degrees run on both 
ſides as far as 90. The needle therefore, 

which lies with its upper ſurface even 
with the divided circle, points to the ſame 
degree and part of a Ae with both its 
extre | 
We . now to deſcribe the che 
of meal ring the parts of a degree on the 
circle, Which in fact is only divided 1nto 
half degrees. This is obtained by means 
of the microſcope, fig. 3d, which is fur- 
niſhed with one of my mother-of-pearl 
micrometers *, The external conſtruction 


Fot the account of the micrometer, ſee the Phil. 
Tranſ. vol. Ixxxi. or the deſcription of the agg which 


of 


o 
2 . 
| o 
; 20 
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of the microſcope, and likewiſe the manner 


of placing it perpendicularly upon the com- 
paſs box, are indicated by fig. 3d, at N in 
fig. 1ſt, and by the .dotted lines at K in 
fig. ad. Fa 

P is a ſhort tube 8 by the up- 
rights R R, the lower parts of which pro- 
ject horizontally. Theſe horizontal pro- 
jections O O are notched at V, fo as to fit 
the mouldings H K of the rim FG H K, 
when the parts O O reſt upon the glaſs. 


By this means the microſcope may be 


moved all round the compaſs box, whilſt 
it keeps ſome of the diviſions of the circle 
always in the field of view. The body of the 
microſcope may be moved up and down in 
the tube P, in order to adjuſt it for diſtinct 
viſion. It conſiſts of the tube 8 8, into the 
upper part of which ſlides a ſhort eye tube 


T, and at its lower extremity H a lens is 


faſtened, Two other lenſes are fixed 1nto 
the tube T, which is about nine-tenths of 
an inch long, and within it, viz. exactly in 
the focus of the eye lens, the mother-of- 


pearl micrometer is ſituated, Thoſe three 
lenſes are all of the Plano» CONDE ſort. The 


focus 
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focus of the upper one is about four - tenthe, 
and the focus of the ſecond and third is 
about ſix-tenths of an inch. The divi- 
ſions of the micrometer are zoodths of an 
inch, and when viewed through the mi- 
croſcope, and the microſcope is placed upon 
the compaſs, 15 of them appear to be 


exactly equal to a half degree on the circle 
ee. But there is no need for thoſe divi- 
| fions to be 3oo of them exactly equal to 


an inch. It is ſufficient if they are nearly 
ſo, as for inſtance from about 280 to 
320 in an inch, becauſe by pulling the 


tube T more or leſs out of the tube 8 8, and 


by moving the laſt mentioned tube up and 


' down into P, the diviſions of the circle 


may be magnified more or leſs, till 15 


diviſions of the micrometer appear to be 


exactly equal to the ſpace between any 
two. contiguous diviſions on the circle, viz. 
to half a degree. 

When the microſcope has been once ſo 


_ adjuſted, it requires no farther alteration, 


excepting to be moved round the box, till 
it comes over the end of the needle, in 
which ſituation the field of view appears as 
Te. EE ſhewn 
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che wn in fig. 4th, where the middlemoſt 
part is occupied by the micrometer 1, 2, 3 
4. the other large diviſions are the magni- 
fied diviſions or half degrees of the circle, 
and W is the extremity of the needle, with 
its directive line Bande to ſome diviſion on 
the micrometer: 

" Fifteen diviſions of the micrometer . 
equal to half a degree, or to 30, it follows 
that each diviſion is equal to two minutes, 


and as it may be eaſily diſcerned whether : 
the line on the end of the needle is directed 


exactly to one of thoſe diviſions, or midway 
between two of them, therefore the di- 
rection of the needle in this compaſs may 
be read off to a ſingle minute. In order 
to obſerve the daily variation, when this 
compaſs is properly fixed, the \microſcope 


need not be moved, becauſe its field of view 


takes in about two degrees, which is a 
much greater ſpace than the needle will 
go through in ten years time. In moving 
the microſcope round the box, care muſt be 


taken to place it ſo that the diviſions of the 
circle may appear to coincide with ſome of 


the long diviſions of the micrometer. 
D N. B. 
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N B. This microſcope inverts the ob- 
jects, and therefore what appears to be on 


the right hand muſt be underſtood to lie on 


the left, and vice verſa. 


There are two things, which, to — 


e have been omitted in the draw- 
ing; but it will be ſufficient juſt to men- 
tion them. One of them is a ſtop to fix 
the needle when the inſtrument is to be 
moved from place to place. It is made in 
the manner uſed for common pocket com- 
paſſes, and it fixes the needle by puſhing it 
againſt the glaſs. The other particular 
omitted in the drawing conſiſts of two other 
projections, which proceed from the op- 
poſite parts of the bottom ABD, like the 
- projections A D, except that they are per- 
|  forated with holes, through which | braſs 
ſcrews may be occaſionally put, in order to 
faſten the compaſs to a ſtrong board, a 
fixed table, &c. 
In order to obſerve the real direction of 
the magnetic needle, or the daily variation, 
the compaſs muſt be placed ſo as that the 
two lines, marked on the projections A, 
may be made to coincide with a meridian 
5 Wort line 


p 
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line drawn upon a board, a ſtone, a block, 
&c. and then the degrees and minutes, to 

which the extremity of the needle is directed. 

will ſhew the required variation. | 
With reſpect to the meridian line, vari® ,* 
ous methods of deſcribing it may be met 
with in almoſt every book of aftronomy. 

But I ſhall deſcribe only one method of 

doing it, which, though not the moſt ſeien- 

tific one, is, however, very eaſily performed, 

and admits of accuracy ſufficient for the - 


: purpoſe. 

K Make a plummet, by faſtening any mall 
: weight to a filk thread about two feet long; 

2 ſuſpend it before the board or ſtone, on 


which the compaſs is to be ſituated, ſo that 
the ſhadow of the thread, when the ſun 
ſhines. upon it at noon, may fall upon the 
board ; then, by means of a well regu- 
lated clock or time-keeper, watch for the 
exact time of noon, taking care to allow 
for the equation of time, which is to be 
found in almoſt every almanac; and at the 
preciſe time of noon mark two dots upon 


the WR in the ſhadow of the thread of the 
D 2 plummet, 
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plummet, and as far from cach other as 
the board will allow ; laſtly, draw a ſtraight 
line, by means of a ruler, through thoſe two 
dots, and this will be the. meridian. line 
required; which, if the operation be made 
with care, and eſpecially if it be repeated 
or corrected on two or more days, can 
hardly deviate more than two nee mi- 
nutes from the truth. | 
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Aw ACCOUNT, wits EXTRACTS, 


OF A CURIOUS LETTER 


1 4 
PETER ADSIGER, 
ON THE 


r or Tux MAGNET. 


: 


under the article Phyſics, Mathematics, 
&c. mention is made of a thin quarto vo- 


lume, containing a variety of pieces on the 


above-mentioned ſubjects ; ſeveral of which 


have been written by Engliſhmen, as Ba- 


con, Boyle, and others. Towards the end 
there is a Latin letter of Peter Adfiger, on 
It is in 
fact a little methodical treatiſe divided into 


two parts, the firſt of which is ſubdivided - 
into ten, and the ſecond into three chap- 0 


ters. This letter, which ſeems intended 


nu the inſtruction of ſome particular friend, 


ö * 4; 5 


N the printed folio catalogue of ma- 
- nuſcripts of the univerſity of Leyden, 
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38 
is dated in the year 1269, and indeed 
the ſtyle of it ſeems to be of about that 
time; but the name of the place being 
in old characters, and with ſome abbre- 
viation, I have not been able to find any 
perſon that could read it. | 
The curioſity of this letter, Which 
has neyer appeared in print, conliſts in 
its containing almoſt all that is at pre- 
ſent known of the ſubject, at leaſt the 
moſt remarkable parts of it, mixed however 
with a good deal of abſurdity. The laws 
of magnetic attraction, and of the commu- 
nication. of that power to iron, the direc- 
tive property of the natural magnet, as well 
as of the iron that has been touched by 
it, and even the declination of the mag- 


netic needle, are clearly and unequivocally 
mentioned i in it. 


An exact copy of this letter I PNG Ie 
ſome months ago from Leyden, by the fa- 
vour of a friend: and when I firſt read it, 
I could not help wondering that the right to 
the diſcovery of ſeveral magnetic properties 
therein deſcribed, ſhould have been claim- 
cd by many perſons of a much' poſterior 

date; 
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| date; but conſidering how little the im- 
provements of ſcience and the properties 
| of natural bodies were noticed about that 
| time, and likewiſe that the art of priating, 
the great propagator of knowledge, was diſ- 
covered long after, one may eaſily ſuppoſe 
| that even ſo valuable a tract might remain 
| unknown to the learned world, and much 
| more ſo to the bulk of mankind. 
As a matter not only of curioſity, but 
likewiſe highly intereſting to tho hiſtory 
of Magnetiſm, I think it cannot but 


1 


ho x ld 


prove acceptable to my readers, to find in 

A this addition to my Treatiſe on Magnetiſm, 

, the moſt remarkable chapters of this letter 

f in their original language, to which I ſhall 

ö add as verbal a tranſlation as the ſtyle will 

[ admit. My "firſt intention was to have 
inſerted the whole letter; but on farther 

| conſideration it appeared uſeleſs to admit 

thoſe chapters which contain nothing ex- 

traordinary, or that part of the ſubject, 

> KY which is now generally allowed to have 

been known at that time. 

, ; | * 
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Letter Fs 1 ApsIGER, on the i Doſes. 
tim of the Nature of 1 the Magnet cis 


| THE INTRODUCTION. 


V deareſt friend, in anſwer to the re- 
queſt made by you ſome time ſince, 
I ſhall now ſet before you, in a familiar 
way, an account of ſome hidden properties 
of the load - ſtone; nothing being plea- 
ſing to philoſophers, without a principle 
of knowledge to explain it; and the na- 
ture of good things lurks in darkneſs and 
obſcurity, until deductions of their cauſes 
are ſet up by ingenuity. The preſent tract 

N | will 
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INCIPIT PROLOGUS. 


AMICORUM ; intime, quandam magnetis lapidis oc- 
cultam naturam, a te interpellatus, rudi narratione tibi re- 
ſerabo; nihil enim apud philoſophos abſque notitiæ princi- 
pio eſt jucundum, et in tenebris habitat et obſcuratur bo- 
norum natura, donec ingeni:s deductiones rationum eri- 
gantur, Hoc autem opuſculun; duas partes N 

9 * | þ+ a 
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will be divided into two parts : the firſt of 

which will contain ten- chapters, and the ; 
ſecond three. The firſt chapter of the 
firſt part contains the deſign of the work; 
the ſecond ſhews the qualities required for 
the operator ; the third treats of the 
general diſcrimination of the ſtone ; the 
fourth, of the "ſcience of diſcoverin 9 
the parts of the ſtone; the fifth, of the 

invention of the poles in the ſtone, A 
as to aſcertain which of them is north, 
and which is ſouth; the ſixth ſhews in what 
manner a magnet attracts another magnet; 
the ſeventh explains how a piece of iron, 
which has been touched by a magnet, 
is turned towards the poles of the world; 


r — — 8 - 
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prima vero pars decem capitulis complebitur, et in 
tribus ſecunda. Primum capitulum prime partis eft 
de operis intentione ; ſecundum vero qualis debeat 
eſſe hujus operis artifex ; tertium, de cognitione la- 
pidis; quartum de ſeientia inventionis partium lapi- 
dis; quintum de ſcientia inventionis polorum in la- 
pide, quis eorum fit *ſeptentrionalis, et quis meri- 
dionalis ; ſextum, qualiter magnes attrahit magnetem; 
ſeptimum, qualiter ferrum tactum cum magnete ad 
MEM 5 polos 


the eighth, how a magnet attracts iron; the 


ninth treats of the attraction between the 


_—_ 


north and ſouth parts; the tenth contains an 


inquiry into the origin of the natural virtue 


of the load- ſtone.— The ſecond part con- 
tains the following chapters: the firſt 
chapter is on the conſtruction of an inſtru- 
ment for finding the azimuth of the ſun, 


moon, or any ſtar on the horizon; the 
ſecond deſcribes a better inſtrument for 


the ſame purpoſe ; the third contains the 


conſtruction of a wheel of en 


motion. 


** a. 
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pelos mundi vertatur; [6 TUE 1 magnes fer- 


tum attrahat; nonum, qualiter pars ſeptentrionalis 


attrahat meridionalem, et e converſo; decimum, in 


inquiſitione, unde magnes, virtutem naturalem quam 


habet, recipiat,—Partis vero ſecundæ iſta ſunt capita: 
primum capitulum de compoſitione inſtrumenti, 
quomodo ſcitur azimut ſolis, et lunæ, et cujuſlibet 
ſtellæ in orizonte; ſecundum de compoſitione inſtru- 
menti alterius melioris ejuſdem officii; tertium de 
artificio ruten rotæ eren motus. 


CAPITULUMN 
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Cu Ar. IV. On the Sein of di jhovering | 


the Parts of the Stone. [ITE | 


YOU muſt know that this Rane bears 
reſemblance to the heavens, the method 
of proving which by experiment I ſhall 


ſhow you in the ſequel; for as in the 


heavens there are two points of greater note 
than the reſt, becauſe the celeſtial ſphere 


revolves about them as if it were upon 


pivots, one of which is called the arctic or 
northern pole, and the other, the antarctic 


or ſouth pole: ſo in this ſtone you muſt 
underſtand there are two points, the one 


north, the other ſouth, Thoſe points 


CAarITULUM guartum. De Scientia kde * | 


* Lapidis.. £46 

- SCIRE debes quod iſtelapis gerit in ſe cli fimilitu$- 
nem, cujus modum probationis inferius te docebo paten- 
ter expeririz et dico cum in cœlo ſunt duo puncta 
notabiliora ceteris, eo quod ſphæra coleſtis ſuper ea 
volvatur, tanquam ſuper axes, quorum unus polus arcti- 
cus five ſeptentrionalis nominatur, reliquus vero antarcti - 
cus ſive meridionalis dicitur; fic etiam in iſto lapide 
penitus intelligas duo puncta, unum ſeptentrionalem, 
et reliquum meridionalem. Ad iftorum duorum punc- 

| | torum 
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may be diſcovered different ways. The fri: 


method is to make the ſtone globular in 


the ſame manner as cryſtals and other 


ſtones are rounded; then place a needle, 
or a flender and oblong piece of iron 


like a needle, upon the ſtone, and the 


needle will of its own accord move about 


until its point comes into the direction of 
the pole; and when the needle becomes 
ſtationary, mark a line along its direction, 
dividing the ſurface of the ſtone into two 
equal parts, and this line will paſs through 
the poles of the ſtone juſt as a meridian 


paſſes through the poles of the world. 


This done, place the needle or iron on 


TT: 235 of the ſurface of the ſtone, 


and 


— 8 1 — 
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torum inventionem multiplici induſtria poteris de- 


venire. Et eſt primus modus, ut rotundetur cum 
artificio, cum quo rotundantur cryſtalli et alii lapides, 
et poſtea ponatur acus vel ferrum oblongum gracile, ad 


modum acus, ſupra lapidem, nam acus poſita ſuper 


lapidem movebitur per fe, donec euſpis ejus reſpiciat 
polum ; et tunc cum ſteterit, fiat ſecundum ferri longi- 


tudinem linea dividens lapidem per medium, et hoc 
inſtar circuli meridiani, tranſeuntis per polos mundi, 


tranſibit per polos lapidis. Poſtea ponatur acus vel 


ferrum in alio ſitu ſuper rg et ſecundum tum 


ſitum, 
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and wark, as before, another line along that 
direction. Thus you may mark ſimilar 
lines in various parts. It will be un- 
doubtedly found, that all thoſe lines will 
meet in two points, in the fame. manner 
oppoſite poles of the world. | Know in, 
thac one of thoſe points is the north, and 


the other 1 is the ſouth pole, the proof of 


| which you will find in the next chapter. 
But there is a better method of finding out 
thoſe points: it conſiſts, in obſerving the 
place on the rounded ſtone, to which the 
point of the needle, or iron, adheres moſt 
frequently and with greateſt force; for 
that place will be one of the points, as 
found by the foregoing method. But in 
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ntum, eodem modo lapidem cum linea ſigna; et, ſi vis, 
facias hoc in pluribus locis vel ſitibus. Procul dubio 
omnes lineæ hujus in duo punQa concurrent, ſicut om- 


nes orbes meridiani in duos concurrunt polos mundi 


oppoſitos. Scito tunc, quod unus erit ſeptentrionalis, 


et alius meridionalis, cujus probationem in ſequenti 


videbis capitulo. Alius autem modus inventionis eſt 
iſtorum punctorum melior; et eſt ut videas locum in 
lapide rotundato, ut dictum eſt, ubi ſummitas acus 
vel ferri frequentius et fortius adhæret. Erit autem 
locus h'c unus ex punctis inventis per modum jam 
| dictum. 
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46 
order to be very preciſe in the W 


tion of one point, break off a ſmall piece 
of the needle or iron, about as long as the 


- thickneſs of two nails, and lay it on the 
point diſcovered as above: and if this piece 


of needle diſpoſes itſelf ſo as to ſtand per- 
pendicular to the ſurface of the ſtone, 
you may conclude that to be the point in 


queſtion ; if not, then it muſt be moved 
about until you find it to aſſume a per- 


pendicular poſition ; this done, mark there 
the point: and after the like manner you 
will find out the oppoſite point on the 


.. oppoſite part of the ſtone. Thoſe 


points, when accurately aſcertained, and 
when the ſtone is good and ed rt" 
Will 


* 


dictum, Ut ergo preciſe habeas punctum unum in 
lapide, frange de acu vel de ferro modicum, ut ſit 
oblongum ad ſpiſſitudinem duarum unguium, et pone 
ſupra locum, in quo punctus modo prædicto inventus eſt, 
et ſi ſteterit orthogonaliter ſuper lapidem, erit ibi procul 
dubio punctus quæſitus; ſi non, moveas ergo ipſum, 
donec orthogonaliter ſteterit; quo facto illie ſigna pune- 
tum; et ſimili modo in oppoſita parte lapidis punctum 


invenies oppoſitum; quod fi redle feceris, lapis fit 


unigencus 


OY 
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will be diametrically oppoſite to each . | 
like the i of the 3 f 


CHAP, v. Of he a aſcertaining 

heb of . is OY and which is 

South. | ; 
HAVING acquired t the art of finding out 
generally the poles of the ſtone, you will aſ- 
certain which of them is north, and which 
is ſouth, by the following method :—Take 
a round wooden veſſel like a cup or a 
diſh, and place the ſtone in it, fo that 
the two poles of the ſtone may be equidiſ- 
tant from the edge of the veſſel: and then 
put this veſſel, containing the ſtone, into 
5 another 


r * 


— — 
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unigeneus et electus, puncta erunt recte tanquam poli i in 
ſphæra oppoſita. e 1 


— 


Crrorun quintum. De Scientia Inventionis Polorum, 
guis corum ſit ſiptentrionalis, et quis meridionalis. 

VISA arte cognitionis polorum lapidis in genere, quis 
autem fit ſeptentrionalis, et quis meridionalis, cognoſces 
per unc modum: — Sume vas ligneum rotundum ad 
modum ciphi vel parapfidis, et in eo pone lapidem, ita. 
videlicet quod duo puncta lapidis ſint æquidiſtantia 
limbo vaſis, et tunc iſtud vas cum lapide intus poſito 
p | pone 
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another large veſſel full of water, ſo that 


the ſtone in the firſt veſſel be like a failor 


in a ſhip. The firſt veſſel muſt have a 
great deal of room in the other, like a 


- veſſel floating in a river or in the ſea. 


I particularly mention a great deal of room, 
leſt the free motion of the ſtone might 


be obſtructed by the contact of the firſt. 
| veſſel againſt the ſides of the large one.. 
The. ſtone then, ſo placed, will cauſe its 


ſmall veſſel to revolye, until the north 
pole of the ſtone ſtands in a north direction, 
and the ſouth pole towards the ſouth; 
fo that if the ſtone be moved a thouſand 


times from its ſituation, it will as often be 


compelled to return to the ſame place by 
TORR . 55 
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pone in alio magno vaſe aqua pleno, ut lapis ſit in primo 


| vaſe ficut nauta in nave. | Vas autem primum fit in 
ſecundo ſpatioſe, ſicut navis in flumine vel in mari fluc- 
. tuans. Et dico ſpatioſe, ye per contactum ipſius ad 
limbum magni vaſis motus naturalis lapidis impediatur. 
Hic enim lapis fic poſitus volvet ſuum parvum vas, quo- 
uſque polus ſeptentrionalis lapidis in directo ſeptentrio- 
nali, et meridionalis meridionali ſteterit. Ita quod lapis 


& milleſies commoveatur, et millefies ad ſuum locum 


revertatur 
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che will of God. And as the north and 
ſouth parts are known in the heavens, the 
ſimilar parts of the ſtone will be thereby 
known, ſince each part of the ſtone will be 
directed to * my of the heavens. 


% 


nr. VI. of the Attradtim this 2 
Magnets. d 


HAVING aſcertained which pole of 
the ſtone is north; and which is ſouth; 
mark them ſo as to be able to know them 
as often as they may be wanted; then, if 
you wiſh to obſerve the attraction between 
two ſuch ſtones, take two of them * 
in 


= 
Sect —_ „— a — _ ty — ˙ it tao. 


revertatair nutu Dei. Et cum partes ſeptentrionis et 
mefidiei fint in ecœlo note, erunt note per illas in lapide, 


eo quod * pars * erit in directo ſuæ partis 
cali, 


CarrruLoM fextum. Qualiter Magnes attrabit Mags 
netem. 

HABITA arte cognitionis, quis polus i in 19d fit 1 
tentrionalis, quis meridionalis, ſigna polos cum ſculpturis, | 
ut cognoſcas eos, quoties oportuerit; et ſi vis poſtea _ 
videre qualiter lapis lapidem attrahit, duos lapides præ- 

5 detatos 
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in this manner: place one in its veſſel t to 
float like a ſhip with a ſailor; and let the 
aſcertained points lie equidiſtant from the 
horizon, or from the edge of the veſſel, 
which is the ſame thing. Hold the other 
ſtone in your hand; and preſent the north 
part of the ſtone which you hold, to the 

| ſouth part of the ſtone that floats in the 
veſſel, and it will happen that the floating 
ſtone will follow the one which you hold, 
as it were wiſhing to adhere to it; and 
on the contrary, if you preſent the ſouth 
part of the ſtone which vou hold, to the 
north, part of the floating one, the very ſame 
effect will take Phage, 5 viz. the floating 


ſtone 


WY 


„** 
"= 


82880 & in hunc 8 adoptabis: pone unum in ſuo 
: vaſe, ut fluctuet ſicut navis cum nauta ; et ſint puncta 
jam inventa æquidiſtantia horizonti vel limbo vaſis, 
quod idem eſt. Alterum vero lapidem i in manu teneas; 
et approxima partem ſeptentrionalem lapidis, quem 
tenes, parti meridionali lapidis natantis in vaſe; 
ſequetur enim lapis natans, illum ſcilicet quem tenebis, 
quaſi volens ei adhærere; et ſi partem meridionalem 
lapidis quem bajulas e converſo parti ſeptentrionali 
lapidis natantis een, ROCKS ulud idem, videlicet, 


= quod 
5 ets 


MAG NETIS NM. er. 


ſtone will follow that, which you hold ; 
therefore you muſt hold for rule, that 
the north part of one ſtone attracts the 
the ſouth part of another ſtone, and the 
ſouth part attracts the northern one; but 
if on the contrary you preſent the north 
end of the one which you hold to the 
north end of that which floats, the former 
will appear to repel the latter, and the 
ſame effect will take place when the 
ſouth part of the one is preſented to 
the ſouth part of the other; and this 
happens, becauſe the north point naturally 
inclines to the ſouth point; ſo that the float- 
ing ſtone will turn itſelf round, until its ſouth 
pole comes to touch the north pole of 
the one held in the hand, wherefore it ſeems 
: 0 


* 


quod natans ſequatur lapidem quem tenebis. Scito ergo 
pro regula, quod pars ſeptentrionalis in lapide partem 
meridionalem attrahit in alio lapide, et meridionalis ſep- 
tentrionalem; quod fi e converſo feceris, ut partem 
ſeptentrionalem ſeptentrionali approximes, lapis quem 
in manu bajulas, lapidem natantem fugare videbi- 
tur, et ſi meridionalem meridionali jungas, accidet illud 
idem; et hoc ideo quia pars ſeptentrionalis appetit meri- 
dionalem; eo quod lapis natans girando volvitur, donec 
ejus meridionalis polus jungatur polo ſeptentrionali 
lapidis tenti in manu, quare ſeptentrionalem fugars _ 
| E 2 videtur. 
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to repel the north, &c.. 1 — 
— — — A magnet therefore will at- 
tract another magnet more powerfully than 
it would attract a piece of iron, which 
property, though ſuſpected to be. falſe, is 
nevertheleſs confirmed by experiment. 


Cn Ar. VII. Shews in what manner the Tron 
that has. been touched by the Magnet, will 
turn itſelf towards the Poles of the World. 


I is known to all intelligent perſons, 
that when a piece of iron, which has been 
touched with the magnet, is affixed to a 
light piece of wood, or to the ſtalk of a 
plant, and is chus placed upon water, it will 
turn one of its extremities towards the ſtar, 
which 


— ** — — 


videtur. 5 — — — — — 

— — — Attrahet ergo magnes magnetem 
magis quam ferrum attraheret, quod falſum ſupponunt, 
cum it m eee fieus patet (yparimento. 


CAPITULUM ſeptimum. Qualiter Ferrum tactum cum 
' Mag nete ad Polos Mundi vertatur. 


AT notum eſt omnibus expertis, quod cum ferrum 
magnetem tetigerit, et ligno levi vel feſtucz fuerit af- 
fixum, et aquz expoſitum, una pars movebitur ad ſtel- 
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which is called nautical, on account of its 
being near the pole, though in truth the 
iron directs one of its ends towards the 
pole and not towards the ſtar, the proof of 
which will be ſhewn in its proper chapter. 
But the other part of it is directed to the 
oppoſite part of the heavens. . You will 
| infer what part of the iron is directed 
to each part of the heavens, from knowing 
that the part of the iron which has touched 
the ſouthern part of the magnet is turned 
to the northern part of the ſky. The con- 
trary will happen with reſpect to that end 
of the iron, which has touched the north 
part of the ſtone, viz. it will direct itſelf to- 


lam quam nauticam vocant, eo quod prope polum eſt, 
nam veritas eſt, quod non movetur ad ſtellam dictam, 
ſed ad polum, cujus probationem afferemus in ſuo ca- 
pitulo. Pars vero reliqua ad partem eceli movetur re- 
Tiquam. Quz autem pars ferri ad quam partem coli 
movetur, ſcies quod pars ferri, quam pars meridionalis 
lapidis tetigerit, ad ſeptentrionalem partem vertitur cceli, 
Contrarium autem erit de parte ferri, quam pars ſep- 
2 lapidis tetigerit z ſcilicet, quod ad meri- 
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wards the fouth. However wonderful this 
may ſeem to a perſon unacquainted with 
the cauſe of the motion of the iron, it 


has been proved by an to be per- 


fectly true. 


Chan, VIII. Of the Manner in which 4 
| ee attracts Iron. 
, Waere the Couth part 
of the iron, Which had been touched by 
the north part of the ſtone, be forced to touch 


the ſouth part of the ſtone, or if the north 


part of the iron, which had been touched 
by the ſouth Joer of the ſtone, be forcibly 
EIN 


* —_ 


demzen ved. Et en rer rin, Wer imettigentt | 


cauſam motus ferri; bujuſmodi vero experientia nos 
verum dixiſſe probavit. 


Carirorun oftavum. Qualiter 1 attrabat 
Ferrum. 

— — — — — 8 

tibus, videlicet, quod pars meridionalis ferti, quæ cum 

ſeptentrionali lapidis tacta fuit, tangatur cum meridio- 


nali lapidis, vel illa quæ cum meridionali tacta fuerit, 


qu etiam 1 in appellatur, ſepten- 


* 


p 
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trionali 


1 
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| applied to the north'part of the ſtone, then 
the power of the iron will be eaſily altered, 


ſo that the part which was e will be- 
come ſouth, and vice verſe.” 60 


* PART, THE . SECOND. 

Cn Ar. II. On the Confiruttion of a better 
Inſtrument to anſwer the ſame | Purpoſe, 
viz. to find out the Azimuth of the Sun, 

the Moon , or any Star, gere the Hz arion. 1 


IN the preſent chapter you will be "% 
formed of the conſtruction of another 
inſtrument of more certain effect. A 
veſſel muſt be made of wood, copper, or 

any other material, and let it be turned 


8 * 3 


trionali lapidis jungatur, alterabitur virtus in ferro de 
facili, et fiet meridionale, quod fuit N 119 et e. 
converſo. | | | | 
INCIPIT SECUNDA PARS HUJUS OPERIS. | 
CarrTuLuM ſecundune. De Cumpeſitione Inſtrumenti 
melioris ejuſdem Offictt, viz. quo ſcitur Azimut Sali, 

| et Lune, et cujuſlibet Stelle in Orizonte. 


IN hoc capitulo dicemus tibi modum compoſitionis i 
alterius inſtrumenti melioris et certioris effectus. Fiat 
vas ligneum vel zreum, vel cujuſcumque volueris ma- 


E 4 teriæ 
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like a box, of ſmall depth, and com- | 
petently wide. Let a cover of ſome 

tranſparent ſubſtance,” as glaſs or cryſ- 
tal, be adapted to it; and if the whole 
were made of ſome tranſparent ſubſtance, 
it would he ſtill better, A ſlender axis of 
copper or ſilver muſt be adapted to the 
middle of this veſſel, applying its extremi- 
ties to the upper and lower parts of the 
box; viz. to the cover and to the box; the 
axis however muſt not be ſo firmly faſten- 
ed as not to be capable of moving very 
freely. Two holes muſt be perforated in 
the middle of the axis, at right angles to 
each other, and an iron ſtyle, like a needle, 


di. 


— — — — —— 
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Jocks ſlides, e et ſit ad re PE tornatum, parum 
profundatum, et competenter amplum, Aptetur ſuper 
illud cooperculum de materia tranſparenti ſicut eſt vi- 
trum vel cryſtallus; et ſi totum etiam vas fuerit ma- 
teriz tranſparentis, melius erit. Diſponatur 3 igiturin mes 
dio ipſius vaſis axis gracilis de ære yel argento, applicans 
extremitates ſuas duabus partibus pyxidis, et non adhe- 
reat ibi axis firmiter quin poſſit libere moveri. Sintque 
foramina dug in medio axis ortogonaliter ſe interſg- 
cantia, tranſeatque unus ſtilus ferreus ad modum acus 
per alterum ilorum foraminum, et per aliud tranſeat 

. 
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whilſt another ſtyle of ſilver or . 
paſſes through the other hole in a direction 
croſſing the iron one. The cover muſt 


firſt be divided into four parts, and each 
of theſe into ninety parts, agreeably to 
the inſtructions given concerning the other 


inſtrument in the preceding chapter, and 


upon it mark the north and the ſouth, 


the eaſt and the weſt, points; and let a 


ruler of ſome tranſparent ſubſtance, with 
ſights on its extremities, be adapted to it. 


magnet you pleaſe, viz. the north or the 


ſouth, near the glaſs, until the needle 


alius argenteus vel ereus, inter ſecans ferreum orto- 


gonaliter. Cooperculum vero dividatur in quartas 


prius, et quælibet quartarum in partes 9o, ut do- 


| cebatur in alio inſtrumento capituli præcedentis, et ſig- 


netur ſeptentrio et meridies, oriens et occidens, in codem, 
et addetur ei regula de materia tranſparenti cum ftilis 


in ſummitatibus erectis. Tunc approximabis quam par- 


jo volueris magnetis, ſive ſeptentrionalem, ſive meri- 


onalem, cryſtallo, donec acus ad ipfam moveatur, et 


ab ipſa virtutem recipiatz et tunc remoto magnete, 
n Thor: nnn 


99 


acquires the virtue from it; after which, 
the magnet being removed, the extremity 
of the needle will turn itſelf towards the 


7 
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WWE: | 


til one extremity of the needle remain 


directed towards the north part of the 
inſtrument, on the north part of the 
heaven; then turn the ruler towards the 


ſun in the day time, and towards the ſtars 


in the night time, after the manner men- 


tioned in the preceding chapter. By means 


of this inſtrument you may direct your 
courſe” towards cities, and iflands, and all 


other parts of the world, either on land or 


at ſea, provided you are acquainted with 
the longitudes and latitudes of thoſe places; 
for if the town or iſland, to which I intend 
to go, is in a lower latitude than the place 
in which I am, I ſhall go ſtraight before 
me, towards that end of the ruler which is 


* "EY 


— » 


volve, donec una ſummitas acus Reterit in directo ſep- 
ttentrionis in inſtrumento ex parte ſeptentrionis cali, 


Hoc facto, volve regulam ad ſolem de die, et ad ſtellas de 
nocte, modo ſupradicto capitulo præeedenti. Per hoc 
inſtrumentum diriges greſſus tuos ad civitates et inſulas, 


et loca mundi quæcumque, et ubicumque in terra vel in 
mari, dummodo longitudines ipforum et latitudines fint 
tibi notæ; quĩa ſi villa vel inſula ad quam volo ire eſt 


minoris latitudinis quam locus in quo ſum, vadam di- 
recte ante me verſus caput regulæ, quod eſt ad ſolem 
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direfted to the ſun or ſtar; but if the la- 


titude of the place be greater, I ſhall then 


P roceed in the oppoſite way, viz. in the direc- 
tion of the other extremity of the ruler. (n 
the book on the effects of mirrours we ſhal! 
ſhew in what manner a piece of iron may 


be kept ſuſpended in the air by means of 


the power of this ſtone). Obſerve that 
the ſouth part of the needle, which is to be 
uſed as a guide, muſt be made to decline 


towards the weſt by one point; and this 


muſt be done by the declination of the 
north part towards the eaſt, becauſe the 


ſouth part of the inſtrument i is deſtitute of 
diviſions. 16 K 26 


Take notice that the oats as well 
as the needle that has been touched 


* 


N by 
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vel ſtellam. Si vero ſit majoris latitudinis, vadam retro 


me directe verſus caput aliud regule. (Qualiter autem 
ferrum ſtet in acre per virtutem hujus lapidis, in libro 


de operibus ſpeculorum narrabimus.) Nota quod par- 


tem meridionalem acus in uſu directorii debemus fa- 


cere declinare per unum punctum verſus oceidens. Et 
hoc debet fieri per declinationem partis ſeptentrionalis 


ad oriens, quia pars meridiana inſtrumenti divifionibus 


caret. 
Now, daa ra wee vel um axtis-evpfſcatus 


cum 
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by it, does not point exactly to the 


poles, but that part of it, which is 


reckoned to point to the ſouth, de- 


elne d Mile ih the ed hd that 


part, which looks towards the north, 


inclines as much to the eaſt. The 


exact quantity of this declination I 
have found, after numerous experi- 
ments, to be of five degrees. How- 


ever, this declination is no obſtacle 


to our guidance, becauſe we make the 
needle itſelf decline from the true 


ſouth by nearly one point and a 


half towards the weſt, A point then 


1 


contains five degrees. You may look 
For the cauſe of the above-mentioned 
declination in the ſchedule inſerted 

” ; * | , in 


Cum ipſo non directe tendit ad polos, ſed pars 


quæ ad meridiem tendere reputatur, aliquantulum 
declinat ad occidens, et illa, quæ ad ſepten- 
trionem accedit, tantundem ad oriens ſe inclinat. 


Quanta autem ſit hujus inclinatio, inveni multis 


experientiis, videlicet quinque gradus: nec tamen 
hujus declinatio in uſu directorii nos impedit, quod 
ipſam acum a vera meridie per unum punctum 
cum dimidio fere, verſus occidens faciamus de- 
clinare. Punctus enim continet quinque gradus. 
Cauſſam ptædictæ declinationis quære in ſcedula 


vos 
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in the fourth Treatiſe on the Ka- 
e 


Wa 


N. B. Ja original the laſt paragraph i W 
contained in a circle, as if it were a note or an 
obſervation not belonging to the text. The 
laſt chapter of this letter treats of the wheel 
of perpetual motion to be actuated by the 


magnet; but it does not deſerve to be taken 


any farther notice of. It concludes with 
the following words: Fare wel. Done in 
camp, at the ſiege of inthe year 
of our Lord n on the $th. = of _ 
Auguſt,” 

I have tranſcribed the chapters of this 
Latin letter, without attempting to alter 


any word which might be thought erro- 


neous, and ſhall conclude this account 
with barely mentioning two remarks; the 
firſt of which is, that the ſuſpenſion of the 
needle deſcribed in the conſtruction of the 
azimuth' compaſs is a very clumſy one, and 
that the beautiful . by a cap upon 

a e 


: bobs in quarto tractatu Kalendarii. 
Vale. Actum in caſtris in obſidione | anno 
Domini 34%, Cc, Lx1x*, octavo die Angufti, 
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a pin, which is now. univerſally uſed, was 


unknown to the author. It is likely there- 
fore, that for want of this ſuſpenſion, the 


needles at that time not moving ſufficiently 
. eaſy, were not actually uſed in navigation, 


at leaſt in Europe, though the ſuſpenſion 


by means of a cap upon a pin ſeems not 


to have remained. long unknown after the 


| date of this letter. The other remark is, 


that-in the laſt two paragraphs there is an 


evident inconſiſtency concerning the quan- 
tity of declination, and the point or point 


and an half by which the needle muſt be 


made to deviate from the meridian. 


I have not been able to gather any other 


information reſpecting the author of the 


above-mentioned letter; but perhaps the 
following memorandum, which was ſent by 
Mr. Senebier to Dr. Lorimer, may be of uſe 


to ſome hiſtorian, who may wiſh to enquire 
farther into the ſubject, Perhaps the name 


of the perſon to whom the following letter 


is addreſſed is i 


Writer of the A one. 


Ct 
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N' 80. Latin" Manuſcripts in the Library 
2 of Geneva. 


5 Epifola Petri Þcreerins de Matcourt, ad 


% Sigerium de Foucancourt, Militem, de 
« Magnete. | 


« The work contains a | deſeription of 
« that ſtone, the means of finding the 
« poles, its property of attracting iron, 
« and proves that the part of the magnet 
« which is turned to the north, attracts 
<&. that which is turned to the ſouth. It 
« then teaches the manner of employing 


« the magnet in aſtronomy, and of playing 


« . tricks, like thoſe of Comus. It deſerves 


to be remarked, that the author knew 


not that the magnet could be employed 
“ in navigation; for though he frequently 
« ſpeaks de fella nautica, he neyer ſpeaks 
«of the uſe that might be made of the 


magnetic needle in ſea voyages. 


„ Vide Bibliotheca Bibliatbecarum, Re. 11. 

<« þ. 1400. Catalogue of the Manuſcripts 

in the ar ee by Senebier, 
<< 207. | | 
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Metis prope for acertining ue 


1oxbrrupes and LATITUDES of -Places 


By MEANS 1 


7  MAGNETICAL INSTRUMENTS. 


— 


HE facility and readineſs with which 
the longitudes and latitudes of places 


upon the ſurface of the earth might be 


aſcertained by means of magnetical inſtru- 


ments, if their performance could be de- 


pended upon, has at various times brought 
forward the propoſals of inſtruments, and 
calculations made expreſsly for the purpoſe; 


- but the actual experiments made on thoſe 


plans have conſtantly ſhewn, that both 
the inſtruments and the calculations. are 
inſufficient to anſwer that object; and 


the principal reaſon of the failure is the 
- uncertainty of the motion of the magnetic 


poles of the earth, upon which the vatia- 
tion of the compals — depends. 
That 
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That thoſe poles (which may be con- 
ſidered to be the centres or focuſes of the 
powers of all the magnetic bodies contained 
in the earth) do not remain fixed, but that 
they do actually move from place to place, 


is ſufficiently evinced by the reſults of 
accurate obſervations ; and no modern wri- 


ter ſeems to entertain a doubt about it. 
The variation of the declination, or the 
change of variation, is principally attributed 
to the motion of thoſe poles ; but the 


difficulty conſiſts in determining whether 


this motion is regular or irregular, viz. 
whether it may, or may not, be foretoldby cal- 
culation, according to any rule whatſoever. 

That nature is regular in her works, 
and that every natural operation depends 
upon adequate cauſes, no perſon, who is 
at all acquainted with philoſophy, can 

poſſibly deny. But when a certain phe- 
nomenon depends upon the combination 
of a variety of cauſes, ſome of which, and 
perhaps all of them, are out of the reach of 
our ſenſes, and of calculation, we call it 


irregular or accidental; not for want of a 
natural dependance upon adequate cauſes, 
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but becauſe we are. unable to diſcover and 
| aſcertain the laws of that dependance. 
Thus we know that the temperature of 
the atmoſphere in London depends on 
the time of the year, on the point from 
which the wind blows, on the clearneſs 
of the air, &c. yet no one can foretel 
the preciſe degree of heat that will 
be intlicated by the thermometer on a 
particular day of the next year ; becauſe, 
in the firſt place, we are not acquainted 
with all the concurring cauſes, and ſecondly, 
becauſe, from the action of . thoſe cauſes 
upon each other, their ultimate effect 
upon the body of the earth becomes the 
reſult of an immenſe and eee | 
combination, 


With reſpe& then to magnetiſm, we 


muſt firſt endeavour to diſcover the cauſes 


which occaſion the motion of the magnetic 
poles of the earth; and ſecondly, we muſt 
conſider whether the effects of thoſe cauſes 
may or may not be ſubjected to calcula- 
The projectors of the methods for afcer- 
taining the longitude and latitude by means 
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of the variation compaſs, and of the dipping | 
needle, generally frame hypotheſes of regu- 
lar movements, and eſtabliſh upon them 
all their rules and calculations, and overlook 
the natural cauſes of irregularity or un- 
certainty. But hypotheſes that are not 
founded upon a conſtant coincidence of _ 
effects, and eſpecially when they are in- 
ſufficient to account for all the phenomena, 
cannot be conſidered as guides in the in- 
veſtigation of future events. The mag- 
netic poles of the earth have been ſuppoſed 
to be four in number; though they are 
at preſent generally, and more properly, 
thought to be only two. They have been 
ſuppoſed to refide on the ſurface of the 
earth, and to move upon it at a certain 
annual rate: They have been ſuppoſed 
to be fixed to a ſort of nucleus within 
the earth, and to move along with it either 
from eaſt to weſt, or from weſt to eaſt: 
They have been ſuppoſed to be in the 
atmoſphere; and in ſhort, the conjectures. 
have been very numerous; but let the 
hypothefis be what it will, we have no 
reaſon to believe that their motion is ſo 
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regular as to be foretold, which 11 more 
evidently appear from the following; Para- 
| graphs. 

In the inveſtigation of natural properties, 
when they are out of the reach of actual 
obſervation or calculation, the imagination 
muſt ſtart with, and be guided by the 
analogy of, eſtabliſhed facts and laws; 
. otherwiſe the probability of being right 
vaniſhes entirely —A greeably to this rule, 
if we attempt to form conjectures relative 
to the magnetic poles of the earth, we 
muſt in -the firſt place ſay, that as the 
magnetic polarity has been found to be 
a property only of iron or ferruginous 
bodies, therefore it is likely that the mag- 
netic poles of the earth reſide not in the 
atmoſphere, but 1 in the ferruginous bodies 
contained in the earth. Secondly, we have 
no reaſon whatever to believe that the 
carth contains a moveable nucleus or kernel, 
but we know that in a magnet, whether 
natural or artificial, the poles frequently” 
change their places, though the magnet 
has no nucleus; and therefore the magnetic 
r= of the earth may be ſuſceptible of 
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motion independent of a nucleus. Thirdly, 


it is natural to ſuppoſe that the ſame cauſes, 
which have been found to alter the fituation. 
of the poles of a magnet, act in the fame 
manner upon the earth, and occaſion the 
motion of its poles. Thoſe cauſes, and 
the methods of manifeſting their effects, 
are deſeribed in the treatiſe. They may 
be reduced to four; viz. the action of one 
magnet upon the other; the action of heat 
and cold; the chymical alteration or decom- 
poſition of the ſubſtance affected with 
magnetiſm; and, laſtly, the mere mechanical 
derangement of parts. That all thoſe cauſes 
take place in the earth, no body can deny; 
and of courſe it ſeems. to be as evident, 
as the nature of the ſubject will admit of, 
that the motion of the magnetic poles is 
governed by the concurrence of af thoſe 
cauſes. 
In page 326 of the ente my 5 of 
the variation of the needle depending upon 
thoſe cauſes is clearly expreſſed ®. - Dr, 
Lorimer, in a very ingenious manner, attri- | 


My paper containing this idea was firſt publiſhed 
\ ed Tran, vol. 77. N 8 
ü butes 
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butes their motion to the heat of the ſun, 
as by him explained in the firſt paper of 
this pamphlet. His theory is a cloſer ap- 
plication of one of the above- mentioned 
cauſes, which certainly is the principal and 
more powerful one; but it by no means 


cContradicts or excludes the action of the 


other cauſes ; ſo that upon the whole we 
may ſay that the magnetic poles of the 
earth are cauſed to move on by the action of 
the ſun, but that the rate of their motion 
is ſubject to be accelerated or retarded 
by. a great number of concurring cauſes ; 


ſuch as the difference of the degrees 


of heat in different years; the magnetic 
poles happening to come on ſome parts 
of the earth, which contain more or leſs 
ferruginous matter; the formation or 
decompoſition of large maſſes of iron 
ore, &c. 

So far we have conſidered only the mo- 


tion of the magnetic poles of the earth, 
- which undoubtedly govern the general 
variation of the magnetic needle ; but if 


we alſo take into the account the local 
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| to affect the needle in particular places, 
ſuch as the vicinity of great tracts of land, 
promontories, volcanos, &c. we muſt ac- 
knowledge that the proſpect is very diſ- 
couraging, and the probability of our ever 
becoming able to aſcertain the longitude 
and latitude by means of magnetical in- 
ſtruments, ſeems almoſt to vaniſh. In 
fact, when we examine the different pro- 
jets hitherto publiſhed, and compare their 
reſults, we find an aſtoniſhing diverſity 
as well among themſelves, as between them 
and actual obſervations. 

With theſe remarks I am far from mean- : 
ing to diſcourage any attempts to inveſti- 
gate the cauſes and the laws of magne- 
tic variation ; and happy ſhould I be to 
find that this phenomenon could be brought 
within the compaſs of calculation. But 
at 'the fame time I have thought proper 
to add theſe 'remarks to my treatiſe on 
magnetiſm, both for the ſake of thoſe, 
who may be willing to proſecute this ab- 
ſtruſe inveſtigation, and of thoſe perſons 

who are inclined, or under the neceſſity of 
ew, 
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_ uſing any of the propoſed magnetic method: 


of aſcertaining the longitude and latitude ; in 


order that the former may ſee whit they | 
have to encounter, and that the latter 


of confidence, they may adopt thoſe me- 
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